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 V 
Abstract  
The primary goal of this study is to develop value added, oxygen scavenging plastic film 
for extending the shelf life and maintaining the quality of white sliced bread. Such film will benefit 
society by providing a product with extended shelf life that would match modern lifestyle, and 
potentially reduce food waste.  The effects of the added oxygen scavenger in the packaging film 
on sliced bread qualities, the shelf life of sliced bread, and also properties of packaging film were 
investigated. Key findings of the study have demonstrated the development of active oxygen 
scavenging film, film characterization in chemical, morphological, mechanical, barrier, and optical 
properties, and also the performance evaluation of active film as a package system for sliced bread 
by studying shelf life, measuring the bread slices qualities in weight loss, texture, color change, 
microbiological change, and sensory analysis. From the study, the active oxygen scavenging film 
could maintain the bread slices quality as well as inhibit the mold growth on sliced bread compared 
to the commercial and control films. The shelf life of white sliced bread stored in the active film 
lasts longer than the existing shelf life of white sliced bread in the commercial and control packages 
when stored at 25 °C and 75% RH. 
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2. Introduction 
2.1 Research Problem 
 Sliced bread is a major type of bread product which accounted for 79% of bread 
consumption in 2014 that consumers in the US prefer to purchase from a grocery and club store 
because of its brand and natural ingredient (Mintel Group 2014, 2). Additionally, more than 25% 
of buyers mentioned that they are likely to eat less bread since it spoils too quickly (Mintel Group 
2014, 3).  Therefore, bread manufacturers should consider improving their packaging system in 
order to better maintain freshness. The three most common reasons that consumers discard sliced 
bread, and thus enhancing food waste are short expiration / “best-by-date”, unacceptable 
appearance, and mold growth. According to Ventour (2008, 29), more than one-third (36.6%) by 
weight of total bakery waste is made from sliced bread, which accounted for 328,000 tons of 
product and cost up to £360 million per year. As a result, it leads to developing an innovative food 
packaging for protecting and keeping bread fresh longer.  
Active packaging systems, such as oxygen scavengers, can extend the shelf life of food 
products (e.g. sliced bread) because they control and eliminate oxygen inside the package. The 
research study will investigate how an oxygen scavenger incorporated into the packaging film can 
retain quality and extend the shelf life of sliced bread. 
2.2 Review of Past Studies and Deficiencies 
Typically, mold can grow on sliced bread by consuming oxygen from the environment 
combined with the available water in the product. Various past studies indicated that active and 
modified atmosphere packaging (MAP) can be used for inhibiting mold growth by incorporating 
active ingredients and gas into the package system (Arvanitoyannis 2012; Kerry and Butler 2008; 
Robertson 2012). In the case of active packaging, such as oxygen scavenger, many of them are 
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marketed commercially in a sachet format which has the potential risk of being accidentally opened 
and their contents digested by the consumer. In addition, some studies stated that flushing a gas 
mixture of nitrogen and carbon dioxide flushing inside the package can prolong the shelf life of 
bread products; however, there are some drawbacks to using this technology such as fermentation 
problems and the high cost of packaging equipment and materials (Kerry and Butler 2008; 
Robertson 2012). Hence, the use of packaging materials incorporated with active oxygen 
scavenger seems more suitable and acceptable by the consumer. Some studies suggested to 
optimize the amount of active substance in packaging for further development (Matche, 
Sreekumar, and Raj 2011); nevertheless, most of past studies did not specifically investigate how 
to extend the shelf life of sliced bread. Therefore, the research study aims to fill the gap of these 
deficiencies in past studies. 
2.3 Significance of the Study 
The study focuses on the development of oxygen scavenging plastic film for prolonging 
the shelf life of white sliced bread. This proposed research study  also provides information 
pertaining to the general knowledge and type of active oxygen scavenger packaging system 
including factors affecting the efficiency of oxygen scavenger and its application, the nature and 
deterioration mechanism of bread product, and the development of active film used for extending 
food shelf life and its effects on the quality of food product. Some of the active film development 
in past studies can be used as a guideline to extend the shelf life of bread product; however, there 
are room for improvement because of its property and efficiency.  
The advantage of this study not only facilitates and contributes value to packaging 
manufacturer for increasing high-value-added packaging film of bread product, but it will also 
reduce food waste and provide safe foods for bread lovers in society. If this study is successful in 
 3 
extending the bread’s shelf life, it will decrease the portion of sliced bread waste in the market as 
well as consumers have the opportunity to consume better nutritional value and quality of bread 
for a longer period of time due to the shelf life of white sliced bread lasting longer than the existing 
product. The result of this study will also advance the active packaging technology which is 
suitable to use for directly extending the shelf life of white sliced bread product that has not been 
developed in previous studies. 
2.4 Purpose Statement 
The proposed experimental study relies on the gas diffusion and gas absorption theories 
according to Robertson (2012) that describe the mechanism of active substance blended in plastic 
film packaging to scavenge the oxygen gas for extending the shelf life of sliced bread at controlled 
storage condition. A normal plastic packaging of sliced bread without active substance is used as 
the control sample. The independent variable, active substance is defined as an oxygen scavenger. 
The dependent variables are defined as the oxygen absorption efficiency of plastic film to prolong 
the shelf life and maintain the quality of sliced bread, and also the active film properties. 
3. Theoretical Perspective 
 The study uses the theory of gas diffusion and gas absorption (Robertson 2012) to 
determine the permeation of gas through plastic film in order to understand and describe the 
mechanism of active oxygen scavenger packaging system to scavenge and protect oxygen gas for 
prolonging sliced bread shelf life by reducing oxygen gas inside the package to delay and inhibit 
possible microbial growth which causes the deterioration of sliced bread. The theoretical 
perspective will help a researcher to emphasize and understand the research problem more clearly 
as mentioned by Creswell (2014). The theory of gas diffusion and gas absorption in the polymeric 
film can be described as the following: 
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Under steady-state conditions, a gas or vapor will diffuse through a polymer at a constant 
rate if a constant pressure difference is maintained across the polymer (Robertson 2012, 
99). The diffusive flux, J, of a permeant in a polymer can be defined as the amount passing 
through a plane (surface) of unit area normal to the direction of flow during unit time: 
! = #$% 
Where Q is the total amount of permeant which has passed through area A during time t. 
The relationship between the rate of permeation and the concentration gradient is one of 
direct proportionality and is embodied in Fick’s first law: 
! = 	−(	(d*
d+) 
 Where  J is the flux (or rate of transport) per unit area of permeant through the polymer 
  c is the concentration of the permeant 
  D is defined as the diffusion coefficient 
  dc/dx is the concentration gradient of the permeant across a thickness dx 
(Robertson 2012, 99).  
  
 According to Robertson (2012), they provided the schematic of gas and vapor transfer in 
permeability model of polymer for clear explanation of the theory in which  
A polymer X mm thick, of area A, exposed to a permeant at pressure p1 on one side and at 
a lower pressure p2 on the other side with the concentration of permeant in the first and last 
layer represent in c1 and c2, respectively (Robertson 2012, 100) as illustrated in Figure 1. 
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Figure 1. Schematic of the gas and vapor transfer model of polymer (Robertson 2012, 100). 
4. Hypotheses 
 This study investigates the effects of oxygen scavenger substance in packaging film 
influence on qualities and shelf life of sliced bread and also properties of packaging film. The 
assumption is that the oxygen scavenger substance may influence on the overall properties of 
packaging film which relates to the ability and efficiency of oxygen gas absorption. 
H1: There is a positive correlation between the amount of oxygen scavenger incorporated into the 
packaging film and packaging film’s properties. 
H2: There is a positive correlation between the amount of oxygen scavenger incorporated into the 
packaging film and qualities of sliced bread. 
H3: There is a significant relationship between the amount of oxygen scavenger incorporated into 
the packaging film and the shelf life of sliced bread. 
5. Literature Review 
The aim of reviewing literature in the research study is to illustrate the related past studies 
that would be considered to support the information and describe the phenomenon in the proposed 
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research, represent the scope of the study for benchmarking the results in findings and the scientific 
concepts, also refine, validate and answer the research questions for the importance of the study 
as mentioned by Creswell (2014). A review of the literature for this research study depends on the 
post-positivist worldview which contains the different topics as demonstrated in the literature map 
in Appendix A. 
5.1 Active Oxygen Scavenger System 
The use of active packaging is an important development in preserving and enhancing food 
shelf life, especially for third world and developing nations with the concern of food security 
(Cichello 2015). Active packaging is “a packaging which subsidiary constituents have been 
deliberately included in or on either the packaging material or the package headspace to enhance 
the performance of the package system” as defined by Robertson (2013, 402). There are two types 
of oxygen scavengers such as oxygen absorbers and oxygen absorbing materials including the 
active film in which the oxygen absorbers are well-established with high barrier packaging for 
utilizing the global food preservation system (Cichello 2015; Robertson 2013). In the case of 
oxygen absorbers, they are widely used in the form of small sachets and pads containing numerous 
iron-based powders combined with a catalyst for scavenging oxygen inside the food package in 
which water is necessary for activating the oxygen absorbers to function the chemical reaction as 
shown in the following equation (Robertson 2013, 403). 
Fe + ¾ O2 + 1 ½ H2O à Fe(OH)3 
 By using the oxygen scavenger containing the iron powder, Robertson (2013, 403) reported 
that the oxygen concentration in the headspace within the package is reduced to less than 0.01% 
in which it is the much lower amount than the typical residual of the oxygen level at 0.3%-3.0% 
by using the vacuum or gas flushing which is the part of the modified atmosphere packaging 
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(MAP). However, there are several factors that influence selection type and size of the absorbent 
which effects absorption capacity and absorption rate of the oxygen absorbers. For example, the 
nature characteristics of food products, the available content of water (the water activity number, 
aw) of the foods, the initial concentration of the oxygen inside the headspace of the food package 
and the amount of the oxygen dissolved in the foods, shelf life target of the food products, and also 
the oxygen permeability of the packaging materials (Robertson 2013).  
Miltz and Perry (2005, 23) evaluated the performance of iron-based oxygen scavenging 
sachets packed inside the plastic pouches measuring the total volume of gases inside the package 
by using the “gas chromatography” and the “Headspace Analyzer” technique for determining the 
oxygen and carbon dioxide gas concentration at different times.  The researchers found that the 
actual scavenging capacity of oxygen absorber sachet is much higher than the informative capacity 
provided by the manufacturers in which the oxygen scavenging rate relies on the scavenger type 
and capacity (Miltz and Perry 2005). The result was shown that the iron-based oxygen scavengers 
also absorb CO2 gas in the modified atmosphere packaging application, and the capacity and rate 
of the iron-based oxygen scavenger depend on the environment inside the package; consequently, 
the actual absorption capacity data and the absorption rate of oxygen absorber sachets are needed 
for designing the optimal and cost-effective food package (Miltz and Perry 2005). 
The application of the oxygen absorbers for the food products is conducted in the numerous 
previous research studies. According to Guynot et al. (2003), this study determines the possibility 
of increasing the mold-free shelf life of high moisture cake by using the modified atmosphere 
packaging with low CO2 concentrations (0% to 30%) combined with N2 gas with an O2 absorbent. 
The research study used a full factorial design, and all treatments were collected three times 
individually in which the factors used in this experimental study included the free water activity, 
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pH, the oxygen absorber, and the different combinations of the atmospheres (Guynot et al. 2003). 
The colony diameter of fungi was recorded as a result of this study, and the result showed that the 
use of oxygen absorbers could eliminate the necessity to use vacuum packaging and it could 
improve the preserving effect of 30% CO2 or 100% N2 in modified atmosphere system for high 
moisture cakes (Guynot et al. 2003, 2551). Furthermore, Guynot et al. (2003) concluded that the 
use of oxygen absorbers with a suitable absorption capacity could lead to a significant shelf life 
improvement of cakes with mold-free at 25 °C without regard to free water activity and pH. 
Another application of the oxygen absorber for extending the shelf life of food products 
was studied by Latou et al. (2010) using an oxygen absorber with an ethanol emitter as the 
alternative to preserve and extend the shelf life of the sliced wheat bread containing the commercial 
chemical preservative and without the preservative in which the changes of the microbiological, 
physicochemical such as the amount of the headspace gas composition, the volatile organic 
compounds, pH and texture, and the sensory of bread were monitored and measured for 30 days 
of the storage at 20 °C. The results showed that the active packaging system consists of a high 
barrier packaging material, SiOx coated on PET//LDPE, combined with an ethanol emitter and an 
oxygen absorber can significantly prolong shelf life of sliced wheat bread at least 30 days, whereas 
the shelf life of the control sample without the active packaging system can withstand only four 
days for sliced bread without the chemical preservative and six days for sliced bread with the 
preservative based on the texture in sensory analysis and the microbiological data in the study 
(Latou et al. 2010, 464). 
For the oxygen absorbing materials, the most widely used of this type is the oxygen 
scavenging film which contains the oxygen absorbing polymers blended with the main 
composition of the other polymers and the additives such as the catalyst, then produces in the 
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various layer thickness, and converts into the several forms of the food packages such as the rigid 
container, bottle, jar and flexible film (Robertson 2013). The oxygen absorbing film requires the 
trigger mechanism to activate the chemical reaction to scavenge the oxygen based on the elevated 
moisture and the light exposure which also effects on the absorption capacity and the final 
absorption rate (Robertson 2013). For instance, the high relative humidity is needed to activate the 
oxygen scavenger of the iron-based oxygen absorbing film and sheet, also the photo-initiator is 
required to facilitate and control the scavenging process of the UV exposed oxygen absorbing film, 
and some cases transition metal catalyst can be used as an accelerator the scavenging rate of the 
PET film with cobalt-catalyst based oxygen absorbing film as stated by Robertson (2013).  
5.2 Bread Products 
 Bread is one type of bakery product which is the cheapest and major food staple consumed 
in various parts of the nations of the world, and made from mixing wheat flour, yeast, water, and 
salt in which other ingredients can be added into the bread composition such as milk, fruit, gluten, 
and fat (Robertson 2013). There are four important characteristics of bread that can be used to 
determine the shelf life and the failure or spoilage of bread such as the mold growth 
(microbiological spoilage), staling (physical spoilage), moisture loss (physical spoilage), and the 
rancidity (chemical spoilage) in which the major causes of the deterioration of bread affected from 
the presence of oxygen within the package and available in the bread or water activity (aw) as 
indicated by Kerry and Butler (2008), and Robertson (2013). Typically, bread and fermented 
products including moist cakes contain water activity in the range of 0.95-0.99 with the normal 
pH at 5.6 in which the mold and yeast can grow at water activity (aw) more than 0.62 that cause 
the microbial spoilage of the bread products which is the main factor limiting the bread’s shelf life 
(Kerry and Butler 2008, 20; Robertson 2013, 554). Mold consumes the oxygen to facilitate its 
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chemical reaction for the living, therefore the elimination of the oxygen from the headspace in the 
food package and use of some active substances that inhibit mold growth can be contributed to 
delay the spoilage from mold of the bread products (Kerry and Butler 2008). 
 Robertson (2013, 556) mentioned that “Staling is the common description of decreasing 
consumer acceptance of bread products because of its age which is a result of the action of the 
spoilage organisms”. Bread staling can be divided into two groups: crumb and crust staling, in 
which the crust staling is caused by the moisture transfer from the crumb to the crust that leads to 
the soft and leathery texture of the bread, whereas crumb staling is more complex than the crust 
staling (Robertson 2013). The firmness of bread can be used as an indicator of the staling 
determination as called “crumb firmness” (Robertson 2013, 556). From Robertson (2013) study, 
commercial white bread in the United States generally has a shelf life of two days in which after 
that it is considered to be not fresh because of its staling process.  
 Manzocco et al. (2017) developed a protocol to validate the shelf life of sliced white bread 
in the laboratory based on product performance on the market in which the changes in firmness 
during storage at 25°C was assessed to determine the bread shelf life compared to the firmness of 
bread samples directly purchased from the market with different storage life. The changes in 
firmness data of the study were modeled by the “Avrami” equation (Manzocco et al. 2017, 103). 
 
Where θt is the non-firmed fraction of bread at time t, Fmax is the maximum firmness, F0 
is bread firmness at time 0, Ft is bread firmness at time t, n is the Avrami exponent and k 
is the rate constant having units depending on the value of n (days-n). The restricted 
Avrami equation considering n=1.0 was also applied (Manzocco et al. 2017, 103). 
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From the study, the proposed methodology could represent a powerful tool to validate the 
reliability of laboratory shelf life, but the additional application would allow the continuous 
improvement of the shelf life accuracy by adding new data from further  product batches  and 
checking the evolution of product quality on the market (Manzocco et al. 2017). Additionally, the 
results recommended that the shelf life study should be conducted under the laboratory conditions 
since the complexity in the temperature change would affect the kinetics of quality deterioration 
as well as the bread shelf life (Manzocco et al. 2017). 
 The moisture loss is vital for the sliced bread which can create the problem after it cooled 
and packed before selling in which the packaging has the main influence to maintain the moisture 
during the storage (Robertson 2013). The primary driving force of the deterioration of bread 
products from the moisture loss is the significant difference between the water activity of bread 
and the relative humidity of the ambient atmosphere in which the moisture content of white bread 
after cooling is approximately 36% with the water activity (aw) is around 0.96 as demonstrated by 
Robertson (2013, 556). Conversely, the rancidity which causes the oxidative reaction is not 
generally considered to be a major problem of the slices bread, but it is considered to be a big 
problem of whole wheat bread because of its changes in aroma and flavor attributes (Robertson 
2013). 
 Smith et al. (2004) reviewed the spoilage mechanism of low, intermediate and high 
moisture of bakery products, and also reviewed the safety issue of high moisture bakery products 
including strategies for the industry to prolong shelf life and ensure the safety of bakery products. 
They found that two major spoilage problems of many intermediate and high moisture bakery 
products are mold growth and staling in which the traditional method for extending the shelf life 
of these products is to use the chemical preservatives, but this method has the limitation since it is 
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effective only the bakery product with a pH < 6.5 (Smith et al. 2004). Therefore, to come up with 
this limitation, numerous technologies used to accomplish the limitations of the chemical 
preservatives are gas flushing and modified atmosphere packaging (MAP) including oxygen 
absorber (Smith et al. 2004).  
However, there are regulatory concerns pertaining to the use of MAP technology because 
high moisture bakery products are faced with the opportunity of the growth of toxin production 
from C.Botulinum (Smith et al. 2004). Moreover, the available water (aw) and pH of the bakery 
products are also the cause of food spoilage, hence further research study is required for extending 
the shelf life of bakery products concerning both food quality and food safety as recommended by 
Smith et al. (2004). 
 
Figure 2. Diagrams of the minimum of the water activity value related to the microbial growth 
of the spoilage microorganisms in some bakery products (Smith et al. 2004, 23). 
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5.3 Active Film Development 
 Gibis and Rieblinger (2011) studied how to improve the absorption rate of the transparent 
oxygen scavenging film at low temperature, three different active films were produced in the 
laboratory experiment for extending chilled food shelf life. The result showed that the oxygen 
scavenger masterbatch (SP2500) incorporated in an EVA polymer was the best active multilayer 
film composition to increase the oxygen consumption for keeping sausage at 5 °C for eight days 
when exposed light (Gibis and Rieblinger 2011). They found that when storage temperature 
increases, the oxygen absorption rate of an active film increases. Additionally, they suggested that 
keeping a chilled food such as sausage with active film in darkness for the first few day could 
facilitate the oxygen absorption rate faster than storage with light exposure (Gibis and Rieblinger 
2011). From this experiment, the finding can be implemented to the other food items in the chilled 
condition, as well as the storage temperature has an effect on the oxygen absorption rate of the 
active film. 
 Matche, Sreekumar, and Raj (2011) conducted an experimental study to investigate the 
possibilities of using ascorbic acid combined with the metal-transition substances for developing 
oxygen scavenging film and applying it to other food applications, such as bun and bread. Study 
findings support the assumption that the combination of an ascorbic acid with iron and ascorbic 
acid with zinc, incorporated into the linear low-density polyethylene (LLDPE) film, were found to 
be an effective oxygen scavenging system for extending the shelf life of bun and bread in which 
the oxygen scavenging property of the modified films was studied by monitoring the shelf-life of 
bun and bread (Matche, Sreekumar, and Raj 2011). The bun and bread which packed in the 
modified films showed good taste and texture up to five days according to the sensory analysis 
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compared to the bun and bread packed in the control LLDPE film that the sensory test was not 
acceptable within the second day (Matche, Sreekumar, and Raj 2011). 
 
Figure 3. The oxygen absorption rate of two different modified films; ascorbic acid with iron 
(2A) and ascorbic acid with zinc (3A) (Matche, Sreekumar, and Raj 2011, 59). 
 Ahn, Gaikwad, and Lee (2016) conducted an experimental study to develop and 
characterize a non-metallic-based oxygen scavenging system containing 1, 3, 5, 10, and 20% of 
the gallic acid (GA) and the potassium chloride (PC) with low-density polyethylene (LDPE) films. 
The results demonstrated that the oxygen scavenging system was well incorporated into the LDPE 
film structure, but it caused a rough film surface because of its agglomeration which led to 
increasing water vapor and oxygen permeability and decreased tensile strength of the active film 
(Ahn, Gaikwad, and Lee 2016). The efficiency of the oxygen scavenging film worked well in the 
presence of moisture in which the most effective oxygen scavenging film containing the 20% 
concentration of non-metallic-based had better the oxygen scavenging capacity compared to the 
other samples as shown in Figure 4 (Ahn, Gaikwad, and Lee 2016). 
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Figure 4. The oxygen absorption efficiency of the films impregnated with different amounts of 
oxygen scavenging materials at 4 °C, 23 °C, and 50 °C (Ahn, Gaikwad, and Lee 2016, 7) 
 Solis and Rodgers (2001, 339) developed “an oxygen scavenging system based on a blend 
of LLDPE resin and the ethylene methyl-acrylate cyclohexenyl-methylacrylate (EMCM) for use 
in both flexible and rigid packaging applications”. The new oxygen scavenging system improves 
the migration of the additive used in the oxygen scavenging polymers matrix that might cause the 
negative effects on the organoleptic change of the food products (Solis and Rodgers 2001). With 
using the appropriate photo-initiator, the oxygen scavenging multilayer film can be activated by 
the commercial UV light system prior to filling the food products to function the oxidative 
mechanism of the film for scavenging any residual headspace oxygen in the food packages, as well 
as, any permeate oxygen from the surrounding environment through the passive barrier in the film 
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structure (Solis and Rodgers 2001). This film could extend the shelf life of perishable goods such 
as “meats, cheese, fresh fruit juices, snack foods, breads and baked goods, beers and wines, coffee 
and tea, nuts, and candy” as recommended by Solis and Rodgers (2001, 342).  
 
Figure 5. The schematic of the OSPTM incorporation into flexible packaging structure (left),  
The schematic of the implementation of OSPTM (right) (Solis and Rodgers 2001, 341). 
However, the finding from this study illustrated that some factors such as “UV treatment, 
processing conditions, and the working environment can affect the performance of the oxygen 
scavenging polymer (OSP) system”, hence the specific application of the food products must be 
considered prior to the development (Solis and Rodgers 2001, 348). 
6. Methodology 
6.1 Research Design 
The research study used the quantitative design to determine the relationship and 
correlation between variables in hypotheses in order to verify an outcome of the study as 
recommended by Creswell (2014). The intent of this study was to investigate the effects of oxygen 
scavenger substance in packaging film influence on qualities and shelf life of sliced bread and also 
properties of packaging film using an experimental design. Due to after modifying or adding the 
additive into the plastic film, it may influence on film properties which relate to the film's ability 
for extending shelf life of sliced bread as studied by Matche, Sreekumar, and Raj (2011).  In 
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addition, the research study used the theoretical perspective of gas diffusion and gas absorption as 
an overarching theory to guide and test the research questions which enabled the researcher to 
understand how an oxygen scavenger incorporated into the packaging film could retain quality and 
extend the shelf life of sliced bread. 
6.2 Strategy of Inquiry  
True experimental study was used as the strategy of inquiry in which in the experiment, a 
researcher selected samples and participants by random sampling in order to ensure the validity 
and reduce the biased result of the study (Creswell 2014). This strategy was implemented in most 
part of the research study such as the plastic film and bread quality testing, the sample preparation 
for a sensory test, and the panelist selection for sensory evaluation.  
Nevertheless, some parts of the study used the quasi-experimental strategy of inquiry in 
order to contribute the convenience and reduce the variation in the experiment for material 
selection, especially in specifying the type of sliced bread in the retail market, and the storage 
condition for studying the shelf life of sliced bread. According to Creswell (2014), the quasi-
experimental method is useful for facilitating the researcher to investigate the natural form of the 
interested sample group. In this case, the researcher specifically studied only the shelf life of white 
sliced bread because the researcher would like to eliminate the other factors affecting the quality 
and shelf life of sliced bread such as natural ingredients and preservative. Also, white bread has 
the potential value for study because it is accounted for almost half (48%) of the wrapped sliced 
bread sector as reported by Beckett (2012, 6). Active oxygen scavenging substance was used as an 
independent variable to establish the oxygen absorption efficiency of plastic film for prolonging 
the shelf life of sliced bread which was an outcome or dependent variable of the study. The control 
variable was an existing plastic packaging of sliced bread without active substance.  
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6.3 Materials 
 This study used two oxygen scavenger masterbatches (OSMA and OSMB), LDPE, and 
LLDPE as main polymer structure of the investigated films. Other materials such as slip/anti-block 
and processing aid were used as the additive resins in all experimental films to reduce film blocking 
and facilitate better melt process-ability during blown film extrusion. 
Table 1. Typical properties of polymer resins 
Polymer Resins 
Melt Flow Index* 
(g/10 min) 
Test Method 
Density 
(g/cm3) 
Test Method 
OS Masterbatch A 2-8 ASTM D1238 1.42 ISO 1183 
OS Masterbatch B 3.7 ISO 1133 1.54 ISO 60 
LDPE  1.0-1.8  ASTM D1238 0.920-0.921 ASTM D1505 
LLDPE 1.0 ASTM D1238 0.918 ASTM D1505 
Slip/Anti-block 7-12 ASTM D1238 1.04 ASTM D1505 
Processing Aid 1-3 ASTM D1238 0.94 ASTM D1505 
* The melt flow rate testing was performed at 190 °C with 2.16 kg load. 
6.4 Participants 
The research site in the proposed study was located at Rochester Institute of Technology 
(RIT). The interested population consisted of general college staffs and students for sensory 
evaluation in order to test the consumer acceptance of sliced bread after storage at the specific 
period of time. There were two sessions in this study for collecting sensory test data from 
participants based on the specific bread shelf life. A total number of thirty participants each session 
was recruited randomly through an invitation email as untrained panelists in the study. The idea 
behind of sampling participants in quantitative research method according to Creswell (2014) 
recommended is that large samples are required to conduct reliable and valid meaningful 
quantitative study. Therefore, in this study a total of thirty participants each session which 
 19 
sampling randomly was requested to participate in the sensory evaluation to generalize the 
consumer acceptance on sliced bread quality in population.   
6.5 Experimental Procedures and Measurement Instruments 
 6.5.1  Blending Composition / Film Structure 
 All films in this study were designed in a three-layer structure as shown in Table 2 in which 
an oxygen scavenger masterbatch was put in the middle layer of the experimental films. The 
blending composition of control film was obtained from the existing bread film of a packaging 
company. SaraLee’s bread packaging was also used as a commercial film to compare film 
properties as well as the shelf life of sliced bread in this research study.   
Table 2. Film structure of the proposed films 
Film 
Types 
Film Structure (Average Thickness, Microns) 
OUTER Layer 
(10 -m) MIDDLE Layer (20 -m) INNER Layer (10 -m) 
Control LLDPE + LDPE : Additives = 95:5 LLDPE = 100 LLDPE + LDPE : Additives = 95:5 
A5 LLDPE + LDPE : Additives = 95:5 LLDPE : OSMA = 95:5 LLDPE + LDPE : Additives = 95:5 
A10 LLDPE + LDPE : Additives = 95:5 LLDPE : OSMA = 90:10 LLDPE + LDPE : Additives = 95:5 
A15 LLDPE + LDPE : Additives = 95:5 LLDPE : OSMA = 85:15 LLDPE + LDPE : Additives = 95:5 
A20 LLDPE + LDPE : Additives = 95:5 LLDPE : OSMA = 80:20 LLDPE + LDPE : Additives = 95:5 
A25 LLDPE + LDPE : Additives = 95:5 LLDPE : OSMA = 75:25 LLDPE + LDPE : Additives = 95:5 
A50 LLDPE + LDPE : Additives = 95:5 LLDPE : OSMA = 50:50 LLDPE + LDPE : Additives = 95:5 
B5 LLDPE + LDPE : Additives = 95:5 LLDPE : OSMB = 95:5 LLDPE + LDPE : Additives = 95:5 
B15 LLDPE + LDPE : Additives = 95:5 LLDPE : OSMB = 85:15 LLDPE + LDPE : Additives = 95:5 
B25 LLDPE + LDPE : Additives = 95:5 LLDPE : OSMB = 75:25 LLDPE + LDPE : Additives = 95:5 
B50 LLDPE + LDPE : Additives = 95:5 LLDPE : OSMB = 50:50 LLDPE + LDPE : Additives = 95:5 
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6.5.2  Preparation of Investigated Films 
 For the plastic film production, three-layer of co-extrusion blown film line with screw 
diameter 20 mm and 30:1 L/D ratio was used for prototyping the active film in the research study. 
Blown film conditions such as screw extruder speed (rpm), fan speed (rpm), nip roll speed 
(ft./min), and wind-up roll speed (ft./min) were adjusted in order to meet a target thickness of 40 
microns or approximately 1.6 mils as the specific ratio of three layers at 25:50:25. The lay flat 
width of the experimental films was targeted to 9±1/8 inches as similar to the commercial bread 
bag. The temperature processing conditions for blended polymers each layer are shown in Table 3 
in which the control film was made under the same processing condition without an oxygen 
scavenger masterbatch. All extruded films were sealed in high barrier aluminum laminated 
pouches and kept at ambient temperature (23±2 °C) under 40%RH in the dark condition after they 
were produced. 
Table 3. Temperature processing conditions  
Extruder 
Melt 
Temp 
(°F) 
Barrel 
Zone 1 
(°F) 
Barrel 
Zone 2 
(°F) 
Barrel 
Zone 3 
(°F) 
Breaker 
Plate (°F) 
Die Tube 
(°F) 
Die 
(°F) 
Extruder 
#1 
437 390 435 435 445 460 464 
Extruder 
#2 
440 390 435 435 445 460 479 
Extruder 
#3 
442 390 435 435 445 460 471 
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Figure 6. Control film, active film with OSMA,  and active film with OSMB during blown film 
extrusion (from left to right) 
6.5.3  Film Characterization 
 A Differential Scanning Calorimeter (DSC), TA Instruments model Q100, was used to 
determine the thermal properties such as melting temperature, crystallization temperature, melting 
enthalpy (heat of fusion), and the degree of crystallinity of commercial, control and active oxygen 
scavenging films. The investigated samples were prepared according to ASTM D3418-15 in which 
the samples of 7 - 10 mg were loaded in the hermetically sealed aluminum pans and placed on a 
test cell. The experiment was performed at a heat-cool-heat ramping cycle at the ramp rate of 10 
°C/min from -20 to 180 °C with the nitrogen purge flow rate of 50 mL/min. The melting enthalpy 
was determined to calculate the values of percent crystallinity of commercial, control, and active 
films as the following equation. 
Percent crystallinity of film (Xc) = ./0./0∗ 	x	100 
Where  ΔHm was the melting enthalpy of the film sample (J/g) 
ΔHm* was the melting enthalpy of 100% crystalline PE = 288 J/g (Luyt and Hato 
2005, 1750). 
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 A Fourier Transform Infrared Spectroscopy (FT-IR), PerkinElmer Frontier, was used to 
obtain IR spectra and identify the functional group of the commercial and active films. All film 
samples were analyzed via transmission mode (KBr) of FT-IR spectrometer with air as the 
background at the ambient condition (23±2 °C, 50±5%RH). Each film sample was collected 24 
scans at 4 cm-1 resolution with a scan speed of 0.2 in the range of 4000 – 450 cm-1. The percent of 
light transmission (%T) of investigated films were also taken from FT-IR analysis by pointing the 
cursor to the specific wavelength on IR spectra. Additionally, both oxygen scavenger 
masterbatches used in this study were analyzed their chemical and functional groups via attenuated 
total reflection (ATR) mode with Diamond/ZnSe crystal in the range of 4000 – 550 cm-1. The 
procedure to obtain IR spectra of each sample can be referred in accordance with ASTM E1252-
98. 
  
Figure 7. PerkinElmer Frontier FT-IR Spectrometer (left),  
Film preparation in transmission mode of FT-IR analysis (right) 
A Scanning Electron Microscope (SEM), TESCAN MIRA 3, with QUANTAX Energy 
Dispersive Spectroscopy (EDS) BRUKER X-flash 6/30 was used to examine the presence of 
oxygen scavenger substance in the middle layer of active film, the morphology of experimental 
films in cross-sectional dimension, and the distribution of oxygen scavenger substance. The 
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specimens were prepared by gold coating before characterization. The acceleration voltage of 
SEM-EDS ranged between 15 and 30 kV, while the magnification ranged from 200x to 7.5kx in 
order to obtain the cross-sectional area and surface of film samples. Backscatter electron (BSE) 
mode with EDS used to identify the iron (Fe) element spectrum and examine the distribution of 
iron particles through the film surface in a depth of 10 microns.  
 6.5.4  Determination of Active Film’s Oxygen Absorption Efficiency 
The measurement cells were prepared by using ½ gallon jar (64 oz., 1.89 liters) with metal 
cap and a small plastic cup containing sodium chloride (NaCl) mixed with distilled water in order 
to generate %RH inside the jars up to 75±5%RH at ambient temperature at 23±2 °C. The specific 
relative humidity for testing was simulated from the existing environment in Thailand as a target 
studied location. The solutions were kept for approximately 12 hours in order to equilibrate the 
saturated salt solution inside the jars. A data logger was placed in a jar to monitor the storage 
temperature and humidity during the experiment. The film samples were cut into two pieces of    
30 x 20 cm2 with the total weight approximately 4.0 - 4.5 g and then put inside a jar. The % oxygen 
concentration of the headspace was measured immediately after placing the film samples inside a 
jar and at every day for 28 days with a Mocon OpTech-O2 Platinum oxygen sensor using a 
fluorescent sensor inside the cell, with an accuracy of ±150 ppm (Tulsyan, Richter, and Diaz 2017, 
254). The actual amount of oxygen inside the jar (cc of air) was calculated by multiplying % 
oxygen concentration by the volume of the jar (1,890 mL) (Shin, Shin, and Lee 2011). The oxygen 
absorption capacity of the active films was reported as to the O2 absorption level of film samples 
in mL, then converted into mL/g film after exposed at 75±5%RH for 28 days. Each sample was 
measured in triplicate and reported the mean value.  
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Figure 8. A measurement cell for O2 absorption testing (left), Oxygen absorption efficiency 
testing with using a Mocon OpTech (right) 
6.5.5  Film Properties Testing 
The thickness of active films is defined as the perpendicular distance between the two plane 
surfaces of a film under controlled condition (Matche, Sreekumar, and Raj 2011). The thickness 
of active films was measured at various points using TMI micrometer model 549 according to 
ASTM F2251-13. To avoid errors of measurement, the tip of micrometer was cleaned before 
testing. Ten measurements were performed, and the mean values and standard deviation were 
reported. 
Tensile testing is the measurement of the ability of a material being drawn out or stretched 
with the constant force pulling the sample apart and extend it before breaking (Robertson 2013). 
The tensile property can vary with specimen thickness, load, and speed of testing, type of grips 
used, the method of preparation, and manner of measuring extension as described by Robertson 
(2013). Instron tester 5567 was used for tensile property testing according to ASTM D882-12. 
Tensile testing of all samples was performed at 500 N load cell with the jaw separation was set to 
1 inch and a machine speed of 10 inches/min. Specimens were prepared and cut to 1” x 5” strips 
with the machine and cross direction. Each sample was performed ten replicates, and the average 
values and standard deviations were reported. 
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“Heat seal strength is the measurement of the force required to pull apart the pieces of film 
that have been sealed together” as defined by Matche, Sreekumar, and Raj (2011, 57). This test 
infers to the tensile strength of the seal at ambient temperature in which it is vital to the opening 
force, package integrity, and packaging processes’ ability to produce hermetical seals as stated by 
Robertson (2013). Typically, “Seal strength at the minimum level is a necessary package 
requirement, and at times it is desirable to limit the strength of the seal to facilitate opening” 
(Robertson 2013, 284). Heat seal strength was measured by utilizing the Instron tester 5567 in 
accordance with ASTM F88-15. Fin seals were obtained from a Sencorp Bar Heat Sealer 24 AS/1 
using a temperature of 130°C for 1 second at pressure 60 psi. Seal width of all samples was 1 inch. 
Heat seal strength of all samples was performed at 500 N load cell with the jaw separation was set 
to 1 inch and a machine speed of 12 inches/min. Specimens were prepared and cut to 1” x 5” strips. 
Each sample was performed ten replicates, and the average values and standard deviations were 
reported.  
Flex cracking resistance testing used to determine the resistance of a flexible film to 
withstand the flex-formed pinhole failure from repeated flexure or creasing force at the specific 
rate or the number of cycles according to ASTM F392-11 (Robertson 2013). In the study, Gelbo 
Flex tester model GFT392 was used as a measuring instrument to predict the flexibility and end-
use performance of the active films. The study used condition D to perform full-flexing for 20 
cycles in order to determine the effect of flexing on gas and moisture barrier properties. After 
flexing, two films per sample were tested moisture and gas transmission rate to obtain the mean 
and standard deviation. 
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Figure 9. Experimental film during flex testing 
For water vapor transmission rate (WVTR) and oxygen transmission rate (OTR), both of 
them used for evaluating the property of the active films to transmit moisture and oxygen through 
a substrate over a given period of time at a steady rate (Robertson 2013). These testing play an 
important role influencing the shelf life of food product. In the study, Systech Illinois M7002 and 
Mocon OpTech with a permeation cell were used as the measurement instruments according to 
ASTM F1249-06 and F2714-08, respectively. A permeation cell for oxygen transmission rate 
(OTR) was placed in the laboratory condition with using 20.9% O2 of air input. Film samples were 
pre-conditioned at 23±2 °C and 50±5%RH before testing for 24 hours. Three replicates per sample 
were tested to report the average value and standard deviation.  
    
Figure 10. Mocon OpTech - Optical fluorescence O2 analyzer with a permeation cell (left), 
Water vapor permeation analyzer - Systech Illinois M7002 (right) 
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Coefficients of friction (COF) of the proposed films was performed by slip and friction 
tester, TMI model 32-07, in accordance with ASTM D1894-14. All film samples were prepared 
and cut in the dimension of 4.5” x 4.5” and 10” x 5”. The study used a 200 g (0.44 lb.) sled in 
which the horizontal force on the sled was measured at intervals by a strain gauge at the speed of 
6 inches/min to determine the static and kinetic frictions of in-in and out-out film’s faces. Each 
sample was performed ten replicates, and the average values and standard deviations were 
reported. 
 
Figure 11. Coefficient of friction testing of investigated film in the study 
Fresh film and exposed film colors were measured using a chroma meter, Konica Minolta 
CR-300, with a standard white plate for calibration. This study used the CIE Lab color space where 
L* (lightness), a* (red to green), and b* (yellow to blue) were obtained using illuminant D65 at an 
observer angle of 2° (Ahn, Gaikwad, and Lee 2016, 2). Ten measurements were taken from each 
sample, and the total color difference (ΔE) was calculated by the following equation (Ahn, 
Gaikwad, and Lee 2016, 2). 
ΔE = [(L0* - L*)2 + (a0* - a*)2 + (b0* - b*)2]1/2 
Where  L0*, a0*, and b0* were the initial color values of experimental films  
L*, a*, and b* were the color values of fresh and exposed films  
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 A microscope digital camera used to observe the physical color change of active substance 
in the active films before and after exposure at 75±5%RH. The detailed images were captured 
using a digital microscope MU900 with a 9.0 MP APTINA color CMOS. All images were 
performed at 10x zoom magnification to illustrate the difference of active substance color in the 
active films. 
 6.5.6  Bread Qualities Testing 
Moisture analysis of sliced bread was measured by weighing sliced bread with its package 
at the specific time of storage using the similar approach of Paul, Diaz, and Koutsimanis (2017). 
All bread samples were kept in the controlled condition at 23±2 °C and 75±5%RH in the APC 
laboratory at Rochester Institute of Technology. Each sample was measured in three replicates. 
The moisture loss was calculated by the following equation. 
% Moisture loss = [($ − 5)/$]	+	100 
Where  A was the initial weight of bread sample 
B was the measured weight of bread sample at the specific time of storage 
% Oxygen concentration was analyzed in order to monitor the percentage of oxygen inside 
the headspace of investigated bread packages for 24 days of storage. A Mocon OpTech-O2 
Platinum oxygen sensor was used to determine the oxygen concentration with an adhesive sensor 
inside the bread packaging in accordance with ASTM F2714-08. Testing was conducted through 
the package wall. All bread packages were kept in the controlled condition at 23±2 °C and 
75±5%RH in the APC laboratory at Rochester Institute of Technology. Each sample was measured 
in three replicates, and the average values and standard deviations were reported. 
 29 
 
Figure 12. Analysis of %O2 inside the experimental bread packages  
Texture profile analysis is popular for determining the textural properties such as softness 
of bread in which when the sliced bread becomes staler, it increases in hardness and viscous 
behavior which reflects a decrease in moisture content (Robertson 2013). Bread texture is a vital 
quality indicator of bread freshness as the softer texture is mostly preferred for consumers. Crumb 
firmness of sliced bread is expressed as the maximum force needed to compress the bread samples 
in which lower force represents softer bread (Korczyk-Szabó and LACKO-BARTOŠOVÁ 2013, 
1347). A custom-made fixture, cylindrical probe, was used with the Instron tester 5567 to measure 
the maximum force needed to penetrate through bread slice at a slow rate according to AACC 74-
09 (Latou et al. 2010; Korczyk-Szabó and LACKO-BARTOŠOVÁ 2013, 1346). The initial 
thickness of each bread slice was approximately 15 mm. The constant rate of loading of 2 
inches/min was used to compress the bread slice by 5 mm, and then the maximum force was 
calculated. Each sample was performed ten replicates, and the average values and standard 
deviations were reported. 
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Figure 13. Bread texture measurement (left), Bread crumb firmness (right) 
The color change of sliced bread was measured using a chroma meter, Konica Minolta CR-
300. This study used the CIE Lab color model to investigate the color development of bread slices 
at the specific time of shelf life. “The L*a*b* values are often used in food research studies” 
(Soleimani, Jafary, and Rafiee 2014, 3441), therefore L* (lightness), a* (red to green), and b* 
(yellow to blue) were obtained in this study using illuminant D65 at an observer angle of 2°. Each 
sample was taken in five measurements from five bread slices. The total color change value (E*) 
was calculated using the following equation (Soleimani, Jafary, and Rafiee 2014, 3441). 
E* = [(L* - L0*)2 + (a* - a0*)2 + (b* - b0*)2]1/2 
Where  L0*, a0*, and b0* were the initial color values of bread slices 
L*, a*, and b* were the color values of bread slices at the specific time of shelf life 
According to Robertson (2013, 330), “Shelf life is the time period that a product may be 
stored before reaching its end point.” In the study, therefore researcher monitored the shelf life of 
sliced bread by visual inspection to identify overall changes occurring in the product during 
storage, the critical modes of deterioration, as well as the product-package compatibility which are 
vital for food packaging development (Paul, Diaz, and Koutsimanis 2017). Bread shelf life 
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evaluation was conducted at room temperature 23±2 °C and 75±5%RH in the APC laboratory at 
Rochester Institute of Technology. All bread packages were prepared and sealed by impulse heat 
sealer PFS 300P in similar size and dimension as the commercial product and monitored every 3 
days until mold growth was seen. Each sample was evaluated from three bread packages. 
 
Figure 14. Investigated bread packages in the environmental chambers 
Mold grows depending on each type of food, oxygen, temperature, and moisture as 
indicated by Robertson (2013). If mold grows, it indicates the deterioration and spoilage of sliced 
bread which is unsuitable for human consumption. In the study, a visual inspection used for 
quantifying and evaluating the growth of microorganism on sliced bread which stored at 23±2 °C 
and 75±5%RH every 3 days until reaching to the maximum shelf life of sliced bread. Microbial 
growth quantification was evaluated using a transparent PVC sheet in the form of a 10 x 10 cm2 
graph as shown in Figure 15. If mold growth exceeded more than 0.5 cm2, then it was considered 
as 1 cm2 (Paul, Diaz, and Koutsimanis 2017). 
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Figure 15. A 10 x 10 cm2 sheet for evaluating microbial growth quantification 
6.5.7  Sensory Evaluation Analysis 
The sensory test was used for analyzing the consumer acceptance on the quality of sliced 
bread at the specific time of bread shelf life. The researcher used the 9-point hedonic questionnaire 
to facilitate the sensory evaluation for measuring consumer response to the sensory characteristics 
of bread in six attributes: appearance, taste, texture (by finger), texture (mouth-feel), aroma, and 
overall acceptability (Robertson 2013). This test relied on the assumption that “consumers will 
only buy a product if they enjoy eating it, therefore asking consumers to rate a product provides 
this valuable information” as suggested by Kemp, Hollowood, and Hort (2009, 130). It is a good 
practice to provide a “dummy” sample to participants for eliminating the source of bias in the 
sensory test because generally, participants tend to score the initial samples abnormally high. “The 
dummy sample should be similar to the sample set; however, its data are discarded (Kemp, 
Hollowood, and Hort 2009, 130). The scale with definition of 9-point hedonic scale: 9 – Like 
extremely, 8 – Like very much, 7 – Like moderately, 6 – Like slightly, 5 – Neither like nor dislike, 
4 – Dislike slightly, 3 – Dislike moderately, 2 – Dislike very much, and 1 – Dislike extremely 
(Kemp, Hollowood, and Hort 2009, 131).  
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The researcher provided a questionnaire with some additional background questions such 
as age, gender, and frequency in buying bread slices to each participant including the randomized 
order of white sliced bread samples. Participants were asked for evaluating bread slices quality 
which stored in commercial, control, and active oxygen scavenger packaging. Each participant 
spent approximately 20-30 minutes to complete the study. The questionnaire used in this study 
provided in Appendix B.   
6.6 Limitations 
Due to this research focused to study the shelf life extension only white sliced bread with 
using the active oxygen scavenger packaging film, therefore it meant that if other types of bread 
product are used, the expected maximum shelf life maybe not the same because of its difference 
of ingredient, water activity (aw), and chemical preservative. Also, the human error played an 
important role in the validity of the research study, especially in the sensory evaluation in which 
health, mood, personal preference, and life experiences might influence the testing result. 
Therefore, a large number of participants should be used in the sensory evaluation study in order 
to come up with the reliable and valid data to generalize the consumer acceptance in the 
quantitative research method as recommended by Creswell (2014).  
6.7 Ethical Considerations 
The questionnaire was provided to the participants in one part of the sensory analysis study. 
Therefore, the research protocol, questionnaire, informed consent, and an invitation email were 
reviewed and approved by RIT’s institutional review board (IRB) for assessing the potential risks 
and protecting the human rights of participants in the study prior to conducting the sensory 
evaluation in the study. In addition, participants were not forced to sign any consent form if they 
were not willing to as well as they had an opportunity to refuse to take part in the research study 
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at any time they felt discomfort. Also, the data collection was kept anonymously without linking 
to the identifiable individual. The researcher kept all collected data from the signed consents and 
questionnaires in confidentiality to protect the privacy of participants by representing only 
statistical data in the documentation.  
7. Data Analysis 
 Due to this study relied on the experimental research approach, therefore the quantitative 
data were analyzed by utilizing descriptive statistics to measure all variables correlated to 
hypotheses as recommended by Creswell (2014). Independent variable, active oxygen scavenging 
substance, was analyzed for determining the relationship on the dependent variable, the oxygen 
absorption efficiency of plastic film for extending the shelf life of sliced bread. Minitab was used 
as a tool for analyzing the statistical data. Means and standard deviations were calculated and 
provided for representing the result in descriptive analysis solution as well as a one-way ANOVA 
was used to determine the significant differences between means of each sample compared to a 
control variable. According to Creswell (2014), the analyzed results are used to support or reject 
hypotheses in the quantitative research study. 
 Furthermore, using the similar approach of Paul, Diaz, and Koutsimanis (2017), Tukey’s 
test was used to determine which samples are significantly different from each other. In fact, 
Tukey’s HSD test also known as the “Honestly Significantly Different” test which was developed 
by Tukey to test pairwise comparison among means (Abdi and Williams 2010, 1). This technique 
is an easy and useful method for indicating the pattern of differences between the means because 
ANOVA cannot specify exactly where those differences located from the overall significant data 
as proposed by Abdi and Williams (2010). The study used p ≤ 0.05 to provide the statistical 
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significance of differences between mean values and applied Tukey’s test for all statistical 
analysis. 
8. Result and Discussion 
8.1  Characterization of Experimental Films 
8.1.1  Differential Scanning Calorimetry (DSC) Analysis  
The melting temperature, crystallization temperature, melting enthalpy (heat of fusion), 
and the degree of crystallinity of investigated films are represented in Table 4. The DSC graph of 
commercial and control films are shown in Figure 16. 
Table 4. Thermal properties of investigated films 
Film Types Tm (°C) Tc (°C) ΔHm (J/g) Xc (%) 
Commercial 113.04 102.48 116.8 40.56 
Control 121.89 104.02 114.9 39.90 
A5 121.95 103.44 113.5 39.41 
A10 121.72 104.19 110.8 38.47 
A15 121.60 104.22 108.8 37.78 
A20 122.45 103.32 102.0 35.42 
A25 121.84 104.33 101.4 35.21 
A50 121.18 104.46 98.2 34.11 
B5 118.51 98.93 111.9 38.85 
B15 117.09 100.03 103.0 35.76 
B25 118.12 99.43 99.4 34.52 
B50 116.38 99.80 76.4 26.51 
Abbreviations: Tm = the melting temperature at peak, Tc = the crystallization temperature at peak, 
ΔHm = the melting enthalpy (heat of fusion), and Xc = the calculated percent of crystallinity. Tm, 
Tc, and ΔHm were evaluated from DSC graphs. 
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Figure 16. DSC graphs of commercial and control films 
According to the DSC data, the result indicates that the commercial film made from LDPE 
polymer compared to the control film because the characteristic of DSC graph and melting 
temperature were obviously different from the control film which made from the blending 
composition of LLDPE and LDPE. The melting point of pure LDPE is usually ranging from 106 
to 110 °C, whereas the melting point of LDPE and LLDPE blending is usually represented in two 
endothermic peaks with a lower melting peak around 106 to 110 °C, and a higher range of 120 to 
124 °C (Prasad 1998, 1716). 
It can be seen that adding an oxygen scavenger masterbatch in the middle layer of active 
film decreased the amount of melting enthalpy of active film. From Table 4, adding the higher 
amount of oxygen scavenger, the lower amount of heat of fusion in which the active film type B 
had the melting enthalpy lower than the active film type A. The DSC graph of active film type A 
and active film type B are shown in Figure 17 and 18, respectively. 
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Figure 17. DSC graphs of active oxygen scavenging films type A (A5-A50) 
 
Figure 18. DSC graphs of active oxygen scavenging films type B (B5-B50) 
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Figure 19. Degree of crystallinity of the experimental films 
From the study, increasing of an oxygen scavenger significantly affected on the degree of 
crystallinity of active films due to the reduction in heat of fusion as shown in Figure 19. The finding 
comes in agreement with the study of Shin and coworkers (2011) in which the degree of 
crystallinity of film might affect from the oxygen scavenger particles in the film. The difference 
in particle size of iron particles of oxygen scavenger masterbatch may cause the different reduction 
in the degree of crystallinity of active film. The percent of crystallinity of active films with OSMA 
slightly decreased from adding of 5% to 50% by weight of oxygen scavenger, while there was a 
huge reduction in the percent of crystallinity of active films with OSMB, especially at 50% of 
oxygen scavenger.  
8.1.2  Fourier-Transform Infrared Spectroscopy (FTIR) Analysis 
Two oxygen scavenger masterbatches, commercial, and control film were evaluated their 
chemical groups by using FT-IR as demonstrated in Figure 20 – 22. 
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Figure 20. IR spectrum of commercial film 
 
Figure 21. IR spectrum of control film  
IR spectrum of control film had similar pattern compared to the IR spectrum of commercial 
film because of its main polymer type. Due to the combination of polymer blending and additive 
adding in control film, however, there were some differences in peaks at 1646 cm-1, 1261 cm-1, 
and 939 to 638 cm-1 between control and commercial film. These peaks demonstrated the 
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absorption wavelength of C=O stretching, C-O stretching, and sp2 C-H bending, respectively 
(Beauchamp 2009, 3). 
 
Figure 22. IR spectra of oxygen scavenger masterbatch A and B 
IR spectrum of oxygen scavenger masterbatch A (OSMA) had significantly different 
pattern compared to the IR spectrum of oxygen scavenger masterbatch B (OSMB) as shown in 
Figure 22. The different absorption wavelengths were located at peak of 3644 cm-1, 1363 to 1082 
cm-1, and 907 to 581 cm-1. According to the spectra table of Beauchamp (2009, 4), these significant 
peaks called for O-H stretching, C-O stretching, and sp2 C-H bending, respectively. 
 IR spectra of active films type A and B are presented in Figure 23 and 24 in order to 
demonstrate the change in IR spectra pattern after adding each oxygen scavenger masterbatch 
compared to the control film.  
OSMA 
OSMB 
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Figure 23. IR spectra of active films type A compared to control film 
The addition of oxygen scavenger masterbatch type A (OSMA) did not much effect on the 
IR spectra of all active films type A compared to the control film because all the film peaks had a 
similar pattern. The control and active films type A showed the significant highest peaks at 2900 
to 2800 cm-1, 1470 to 1460 cm-1, and 730 to 720 cm-1 for C-H stretching of PE and unsaturated 
fatty acid slip agents (Morris 2017). However, it can be seen that there was a slight change in the 
intensity (strength) of absorption wavelength of active film type A along the IR spectrum, 
especially the active film with the highest amount of OSMA, A50. This characteristic might be 
inferred to the interaction between oxygen scavenger masterbatch and LLDPE in the active film. 
Additionally, adding a high concentration of oxygen scavenger masterbatch type A also obviously 
impacted on the percent of light transmittance of the active film as seen in Figure 23. 
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Figure 24. IR spectra of active films type B compared to control film 
The addition of oxygen scavenger masterbatch type B (OSMB) had an obvious effect on 
the IR spectra of active films type B compared to the control film. Although the control and active 
films type B showed the significant highest peaks at 2900 to 2800 cm-1, 1470 to 1460 cm-1, and 
730 to 720 cm-1 for C-H stretching of PE and unsaturated fatty acid slip agents (Morris 2017); 
however, it can be seen that there was a big change in the intensity (strength) of absorption 
wavelength of active film type B along the IR spectrum, especially the active film incorporated 
with 15% to 50% by weight of OSMB. These changes can be examined from the peak of IR spectra 
at 3640 cm-1 for O-H stretching of the compound composition in OSMB, and the reduction in 
absorption peaks of IR spectra at 640 to 485 cm-1 for sp2 C-H bending because of the interaction 
between OSMB and LLDPE (Beauchamp 2009). Similarly, adding more concentration of oxygen 
scavenger masterbatch type B also reduced the percent of light transmittance of the active films as 
demonstrated in Figure 24. 
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 8.1.3  Scanning Electron Microscope with Energy Dispersive Spectroscopy Analysis 
(SEM-EDS) 
The presence of oxygen scavenger substance in the middle layer of active film, the 
morphology of experimental films in cross-sectional dimension, and the distribution of oxygen 
scavenger substance are illustrated in Figure 25 – 28. 
 
Figure 25. The iron particle of oxygen scavenger masterbatch A and its EDS data 
 
Figure 26. The iron particle of oxygen scavenger masterbatch B and its EDS data 
 The presence of iron particles in active film type A and B was established by EDS analysis 
(Fe spectrum) as shown in Figure 25 and 26. The high intensity (peak) of X-ray spectrum 
represented the relative proportion of defined elements over the specific scanned area. Hence, it 
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can be concluded that oxygen scavenger masterbatch A and B could incorporate entirely in the 
active films. Furthermore, there were some elements such as oxygen (O), calcium (Ca), and 
chloride (Cl) established in EDS analysis. These elements may come from the composition of an 
iron compound as the iron oxide and the salt from the production of oxygen scavenger masterbatch. 
 
 
Figure 27. SEM images in cross-sectional dimension of (a) control film  
(b) active film type A (c) active film type B (d) particle size of iron particle in OSMA  
(e) particle size of iron particle in OSMB 
 From the SEM images in cross-sectional section, it can be clearly seen that the oxygen 
scavenger substance was well incorporated into the experimental film structure. In the study, the 
active film consisted of three layers where the iron particle located in the middle layer of active 
a b c 
d e 
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films. The shape of iron particles of OSMA was irregular, whereas the iron particles of OSMB 
looked like a spherical shape. The iron particle size of OSMA from SEM images showed smaller 
than the iron particles of OSMB. The particle size of OSMA ranged approximately between 13 
and 20 microns, while the OSMB had the particle size ranged from 18 to 36 microns. The 
difference of iron particle size distribution of each oxygen scavenger masterbatch could be led to 
the difference in chemical, mechanical, optical, and barrier properties of active films. As 
mentioned in the result of percent crystallinity of active films, it can be concluded that active film 
with OSMB had a greater reduction in percent crystallinity compared to active film with OSMA 
when increasing the concentration of oxygen scavenger masterbatch because of its iron particle 
size in the masterbatch.       
 
Figure 28. SEM images at surface of (a) control film (b) 50A active film 
(c) 50B active film (d) 50A active film with BSE mode (e) 50B active film with BSE mode 
  
a b c 
d e 
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The morphology of active film B showed the higher rough surface compared to the active 
film A as illustrated in Figure 28. Blue spots in SEM images were evaluated as the iron particles 
distributed in the active film A and B using EDS analysis. From the study, iron particles were well 
distributed in both active films at 50% by weight of oxygen scavenger; however, it did not indicate 
the possibility of iron particles agglomeration in active film from the SEM images. 
8.2  Oxygen (O2) Absorption Efficiency of Active Film 
 In this study, the oxygen scavenger masterbatch was incorporated with LLDPE in the 
middle layer of active film. Two oxygen scavenger masterbatches were used in the study in order 
to compare the efficiency and capacity of each active film at various concentration. Oxygen 
scavenger masterbatch type A was loaded at 5%, 10%, 15%, 20%, 25%, and 50%, whereas oxygen 
scavenger masterbatch type B was loaded at 5%, 15%, 25%, and 50% by weight. All active films 
then were determined the oxygen absorption efficiency for 28 days (4 weeks) at 23±2 °C, and 
75±5%RH. 
 
Figure 29. Oxygen absorption level of investigated films 
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Table 5. Summary of oxygen absorption capacity of investigated films at 23±2 °C, and 75±5%RH 
Film Types 
Oxygen 
Scavenger 
Content (%) 
Average O2 Absorbed Level (mL) Average O2 Absorbed Level/g Film (mL/g) 
Day 7 Day 14 Day 21 Day 28 Day 7 Day 14 Day 21 Day 28 
Commercial 0 0.29±0.13aA 0.57±0.27aA 0.38±0.00aA 0.38±0.54aA 0.07±0.04aA 0.15±0.07aA 0.10±0.00aA 0.10±0.14aA 
Control 0 0.67±0.13aA 0.85±0.13aA 0.57±0.27aA 0.85±0.13aA 0.15±0.03aA 0.19±0.03aA 0.12±0.06aA 0.19±0.03aA 
Active Film 
A 
5 2.70±0.72abA 6.85±0.07bB 7.14±0.75bB 8.42±0.13bB 0.61±0.16abA 1.54±0.02bB 1.61±0.17bB 1.89±0.03bB 
10 3.69±0.13bcA 8.21±0.42bcB 8.81±0.11bcBC 9.57±0.17bcC 0.87±0.03bcA 1.94±0.10bcB 2.08±0.03bcBC 2.26±0.04bcC 
15 4.54±0.53bcdA 7.47±0.94bB 10.73±0.74cdC 11.08±0.43cdC 1.01±0.12bcdA 1.66±0.21bB 2.39±0.16cdC 2.47±0.10bcdC 
20 6.50±0.16deA 8.89±0.53bcdA 12.31±1.03dB 12.57±0.66dB 1.42±0.04cdeA 1.94±0.12bcA 2.68±0.23cdB 2.74±0.15cdB 
25 6.75±0.88deA 10.03±0.78cdAB 12.19±0.66dB 12.88±1.84dB 1.59±0.21deA 2.37±0.18cAB 2.87±0.16dB 3.04±0.43dB 
50 7.75±0.27eA 17.11±0.67eB 21.83±0.66eC 22.87±0.27eC 1.66±0.06eA 3.66±0.14dB 4.67±0.14eC 4.90±0.06eC 
Active Film  
B 
5 5.70±0.30cdeA 10.59±0.26dB 11.02±0.18cdB 12.55±0.36dC 1.31±0.07cdeA 2.43±0.06cB 2.53±0.04cdB 2.88±0.08dC 
15 18.61±0.42fA 24.79±0.23fB 25.50±1.10fB 26.51±0.20fB 4.07±0.09fA 5.42±0.05eB 5.58±0.24fB 5.80±0.04fB 
25 38.46±0.66gA 39.03±0.13gA 39.17±0.07gA 41.01±0.27gB 9.45±0.16gA 9.59±0.03fA 9.62±0.02gA 10.08±0.07gB 
50 100.36±1.87hA 108.77±1.20hB 109.34±1.20hB 110.85±0.13hB 20.61±0.38hA 22.33±0.25gB 22.45±0.25hB 22.76±0.03hB 
a-hDifferent letters within a column are significantly different (p≤0.05) for the oxygen absorbed level of different samples at the same 
day. A-CDifferent letters within a row are significantly different (p≤0.05) for the oxygen absorbed level of each sample at different days.
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Overall, loading oxygen scavenger masterbatch into LLDPE film could contribute the 
oxygen absorption capacity of active film. Both active film A and B had the ability to absorb 
oxygen from the surrounding environment, but its efficiency was different significantly. Active 
film B50 had the most oxygen absorbed level amongst all active films, following by active film 
B25, and active film B15, respectively. Active film B50 and B25 had dramatically increased in 
oxygen absorption efficiency from day 0 to 7, then slightly increased between day 7 and 28, and 
finally reached to 22.76 and 10.08 mL/g, respectively. Active film B15 was gradually increased of 
oxygen absorbed level from day 0 to 14 (5.42 mL/g) and then maintained constant until it reached 
to day 28 at 5.80 mL/g as demonstrated in Figure 29. 
For active film type A, active film A50 had the highest oxygen absorption efficiency, 
whereas the others had almost the same rate of absorption. Active film A50 had gradually increased 
in oxygen uptake from day 0 until it reached the maximum rate of absorption at day 28 at 4.90 
mL/g. Although the commercial and control film had the oxygen absorption capacity at 0.10 and 
0.19 mL/g for 28 days, respectively; however, its oxygen absorbed level was not accountable based 
on the sensitivity of equipment in measuring the oxygen concentration. The equipment’s 
sensitivity is 0.6% per manufacturer’s statement, so for the glass jars used in this study (1.89 L) 
that equates to 2.38 mL of oxygen air. As a result, for samples with average O2 absorbed level 
(mL) below 2.38 mL such as the commercial and control films, they demonstrated that they did 
not absorb oxygen significantly in the study.  
At day 7, the absorbed level of all film samples, except active film B15, B25, and B50, was 
the similar oxygen absorption capacity ranging between 0.61 and 1.66 mL/g, while active film 
B15, B25, and B50 were the significant difference in oxygen uptake rate at 4.07, 9.45, and 20.61 
mL/g, respectively. For day 14, the active film A5 through A25, and also B5 had no significant 
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difference in the rate of oxygen absorption which accounted between 1.54 and 2.43 mL/g, whereas 
the active film A50, B15, B25, and B50 had significant difference in oxygen uptake rate at 3.66, 
5.42, 9.59, and 22.33 mL/g, respectively. Between day 21 and 28, the oxygen uptake rate of active 
film A5 and A10 were no significant difference, while the oxygen absorbed level of active film 
A15 through A25 and B5 were significantly different from active film A5 and A10. The active 
film A50, B15, B25, and B50 also had the significant difference in oxygen uptake rate as similar 
to day 14. 
8.3  Effect of Oxygen Scavenger on Properties of Active Film 
 8.3.1  Thickness 
The average thickness and standard deviation of all film samples are shown in Table 6.  
Table 6. Thickness of investigated films in the study 
Film Types Thickness (mils) 
Commercial 1.1±0.07a 
Control 1.61±0.11bc 
A5 1.64±0.08bc 
A10 1.58±0.09b 
A15 1.66±0.05bc 
A20 1.64±0.10bc 
A25 1.60±0.12bc 
A50 1.68±0.09bcd 
B5 1.56±0.05b 
B15 1.73±0.11cd 
B25 1.56±0.07b 
B50 1.83±0.10d 
a-dDifferent letters in the table are significantly different (p≤0.05). 
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It can be seen that the thickness of control and active films was obviously higher than the 
commercial film. The average thickness of a commercial film was approximately 1.1 mils or 28 
microns, while the thickness of other experimental films was higher than the commercial film. 
From the study, the particle size of iron ranged between 13 - 38 microns, therefore the minimum 
thickness of the experimental films should be greater than the particle size of iron particles. The 
result demonstrated that the range of average thickness of proposed films was approximately 1.56 
- 1.83 mils or 39.5 - 46.5 microns.   
8.3.2 Tensile Properties 
Tensile properties of investigated films were measured in terms of tensile strength, elastic 
modulus, and elongation at break. All film samples were tested two directions of a film; machine 
direction (MD), and transverse direction (TD). Overall, the tensile strength of both active films 
reduced when increasing the amount of oxygen scavenger compared to the control film. The result 
in the study is in agreement with the study of Shin and co-workers (2011) in which the reduction 
of tensile strength for active films may be influenced by the presence of iron particles in the film. 
Tensile strength in a transverse direction (TD) had slightly higher than the machine direction (MD) 
for all investigated films, except a commercial film. However, there was no significant difference 
in tensile strength between MD and TD for some experimental films as shown in Table 7. A 
commercial film had a tensile strength in MD direction (25.45 MPa) greater than tensile strength 
in TD direction (20.14 MPa) significantly. This result might influence the difference in extrusion 
blown film condition between commercial and laboratory scale. 
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Figure 30. Tensile strength of experimental films 
 The control film had higher tensile strength than a commercial film because it had a higher 
thickness compared to the commercial film. The control film had the maximum tensile strength in 
MD and TD direction at 28.65 MPa, and 30.03 MPa, respectively, whereas the active film B50 
had the minimum tensile strength both MD and TD direction which accounted for only 12.45 MPa, 
and 12.57 MPa, respectively. When comparing the difference of tensile strength value between 
two active films, most of them were no significant difference at the same amount of oxygen 
scavenger, except for 50% by weight. Active film A50 had the tensile strength in MD and TD 
direction at 15.86 MPa and 19.02 MPa which was significantly higher than the tensile strength of 
active film B50. This was due to the effect of particle size of the oxygen scavenger (Fe particles) 
which much more disturbed the percent crystallinity of active film B50 than active film A50. 
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Figure 31. Elastic modulus of experimental films 
 Similarly, the elastic modulus decreased in both MD and TD directions when increasing 
the amount of oxygen scavenger in the active films, especially at 50% by weight. From the result, 
all experimental films had significantly greater of elastic modulus in TD direction than the elastic 
modulus in MD direction. These results have complied with the study of Shin and co-workers 
(2011) as same as the tensile strength. The elastic modulus of a commercial film was different 
significantly compared to the control film because of the difference in thickness between two 
samples. The elastic modulus of a commercial film in MD and TD direction was 8.49 MPa and 
70.29 MPa, respectively. The control film had the maximum elastic modulus in MD and TD 
direction at 57.66 MPa, and 165.22 MPa, respectively, whereas the active film A50 had the lowest 
elastic modulus both MD and TD direction which accounted for only 41.66 MPa and 67.98 MPa, 
respectively. Active film B50 had significantly greater of elastic modulus in TD direction than 
active film A50 which accounted for 110.96 MPa. This might be influenced by its variation of 
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oxygen scavenger distribution in those active film samples. There was no significant difference in 
elastic modulus value between active film A10 and A15, and active film A20 and A25 in both MD 
and TD direction as demonstrated in Figure 31. 
 
Figure 32. Elongation at break of experimental films 
 In case of elongation at break, loading oxygen scavenger in the middle layer of active film 
impacted on the elongation at break significantly. Increasing the amount of oxygen scavenger, a 
higher reduction of elongation at break of both active films, especially at 25% and 50% by weight. 
This was due to the addition of inorganic fillers to a ductile polymer matrix generally reduces the 
elongation at break because of the weak interfacial adhesion between LLDPE and iron particles as 
conformed to Ahn and co-workers (2016). All investigated films had the percent elongation in TD 
direction significantly greater than the percent elongation in MD direction, except active film B15 
as shown in Table 7.  
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The highest elongation at break was the control film which accounted for 894.94 %, and 
1119.52% in MD and TD direction, respectively. The active film B50 had the minimum elongation 
at break which accounted for 654.29% and 806.88% in MD and TD direction, respectively. The 
elongation at break of a commercial film was different significantly compared to the control film 
because of the difference in thickness between two samples, which was similar to tensile strength 
and elastic modulus. The elongation at break of a commercial film in MD and TD direction was 
578.60% and 867.44%, respectively.  
Furthermore, there was significantly different elongation at break between two active films. 
Some of the active film type B had higher the percent elongation than active film type A at the 
small amount of oxygen scavenger at 5% and 15%. In contrast, if consider at high amount of 
oxygen scavenger to 25% and 50%, active film type B had lower value of elongation at break than 
active film type A. The bigger particle size of iron particles of OSMB might be influenced a huge 
decrease the strength of a material due to they generate the weak points that could be broken easily 
under stress as complied with the study of Ahn and co-workers (2016), and Shin and co-workers 
(2011). 
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Table 7. Tensile properties of investigated films in the study 
Film Types 
Tensile Strength 
(MPa) 
Elastic Modulus 
(MPa) 
Elongation at Break 
(%) 
Commercial 
MD 25.45±0.65a1 8.49±0.69h1 578.60±15.08g1 
TD 20.14±0.59DE2 70.29±5.89G2 867.44±24.42CDEF2 
Control 
MD 28.65±0.96b1 57.66±1.63a1 894.94±43.25a1 
TD 30.03±0.90A1 165.22±9.58A2 1119.52±44.87A2 
A5 
MD 22.09±1.15c1 52.03±2.84bc1 815.22±15.50bc1 
TD 22.45±0.99BC1 152.64±8.12B2 910.56±15.42C2 
A10 
MD 19.46±1.21d1 44.62±1.57ef1 791.89±26.61bc1 
TD 20.34±1.48DE1 153.85±4.66B2 877.32±19.76CDE2 
A15 
MD 19.00±1.10d1 47.75±2.45de1 778.54±12.56cd1 
TD 20.22±0.83DE1 148.69±4.88BC2 862.64±19.24DEF2 
A20 
MD 18.86±1.20d1 45.30±2.90def1 761.09±31.56cd1 
TD 20.95±0.48CD2 137.35±7.46DE2 895.81±9.48CD2 
A25 
MD 16.21±1.22f1 44.77±1.65def1 719.89±31.82de1 
TD 19.24±0.85E2 135.06±4.97E2 862.26±24.07DEF2 
A50 
MD 15.86±1.16f1 41.56±2.92fg1 676.23±37.05ef1 
TD 19.02±1.03EF2 67.99±4.40G2 829.58±16.53FG2 
B5 
MD 22.32±1.11c1 54.64±1.90ab1 899.35±63.27a1 
TD 22.91±1.05B1 158.01±6.38AB2 1000.33±18.56B2 
B15 
MD 18.41±1.10de1 48.80±2.22cd1 844.91±17.33ab1 
TD 19.95±1.08DE1 140.68±2.77BCD2 871.63±35.01CDEF1 
B25 
MD 17.00±0.81ef1 44.53±1.94ef1 659.82±20.31f1 
TD 17.43±0.77F1 147.24±2.80CDE2 840.41±26.79EFG2 
B50 
MD 12.45±0.84g1 38.91±1.63g1 654.30±22.52f1 
TD 12.57±0.88G1 110.96±2.77F2 806.88±23.75G2 
Different letters and numbers within a column are significantly different (p≤0.05), where a-h for 
MD direction, A-G for TD direction, and 1-2 for between MD & TD of each sample. 
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8.3.3 Heat Seal Strength 
 Heat seal strength of investigated films was conducted at 130°C for 1 second at pressure 
60 psi. The control film experienced the maximum seal strength of 2.89 lb/in, while the active film 
B50 had the minimum seal strength of 2.30 lb/in which was similar to the commercial film. The 
result was demonstrated that adding oxygen scavenger in LLDPE layer affected on the heat seal 
strength of active films. From the study, increasing the amount of oxygen scavenger decreased the 
seal strength in agreement with the study of Matche and co-workers (2011) due to its superior heat 
resistance property of inorganic pigments/fillers (Fe particles). 
Table 8. Heat seal strength of investigated films at 130°C for 1 second at pressure 60 psi 
Film Types Seal Strength (lb/in) 
Commercial 2.23±0.08e 
Control 2.89±0.06a 
A5 2.82±0.08abc 
A10 2.75±0.08abc 
A15 2.73±0.09bc 
A20 2.71±0.08c 
A25 2.69±0.08c 
A50 2.54±0.09d 
B5 2.86±0.05ab 
B15 2.76±0.08abc 
B25 2.48±0.07d 
B50 2.30±0.08e 
a-eDifferent letters in the table are significantly different (p≤0.05). 
 Additionally, there were significant differences of heat seal strength between active film 
type A and active film type B if loaded the amount of oxygen scavenger at 25% and 50% by 
weight. Active film type B, B25, and B50 had lower seal strength significantly than active film 
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type A, A25, and A50. The seal strength of B25 and B50 films were 2.48 and 2.30 lb/in, whereas 
the seal strength of A25 and A50 films were 2.69 and 2.54 lb/in, respectively. However, there was 
no significant difference in heat seal strength between two active films if added the oxygen 
scavenger at 5% and 15% by weight. 
 
Figure 33. Heat seal strength of experimental films 
8.3.4 Coefficient of Friction (COF) 
The static and kinetic frictions were determined in the study in terms of inside-inside and 
outside-outside film's faces in order to investigate the effect of oxygen scavenger on the surface 
friction of experimental films. Inside-inside faces testing was used for representing the ability to 
form and fill during converter's processing, whereas outside-outside faces testing was used for 
demonstrating the physical and mechanical handling through the packaging supply chain. The 
result of coefficient of friction is illustrated in Figure 34 and 35. 
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Figure 34. Coefficient of friction (inside-inside) of experimental films 
 
Figure 35. Coefficient of friction (outside-outside) of experimental films 
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Table 9. Summary of coefficient of friction (COF) of investigated films 
Film Types 
COF 
(Inside-Inside) 
COF 
(Outside-Outside) 
Commercial 
Static 0.176±0.024b1 0.236±0.055b1 
Kinetic 0.165±0.018B1 0.206±0.039B1 
Control 
Static 0.130±0.006c1 0.148±0.009cd1 
Kinetic 0.129±0.012BCD1 0.145±0.006C1 
A5 
Static 0.130±0.004c1 0.133±0.008de1 
Kinetic 0.122±0.005CD1 0.120±0.005CD1 
A10 
Static 0.125±0.007c1 0.124±0.005de1 
Kinetic 0.112±0.004DE1 0.109±0.004CDE1 
A15 
Static 0.124±0.007c1 0.121±0.003de1 
Kinetic 0.107±0.004DEF2 0.106±0.005DE1 
A20 
Static 0.123±0.004c1 0.117±0.006de1 
Kinetic 0.101±0.002DEF2 0.101±0.005DE1 
A25 
Static 0.119±0.004c1 0.117±0.010de1 
Kinetic 0.099±0.002DEF1 0.100±0.006DE1 
A50 
Static 0.114±0.008c1 0.117±0.001de1 
Kinetic 0.093±0.005EF1 0.098±0.005DE1 
B5 
Static 0.105±0.009c1 0.101±0.009e1 
Kinetic 0.085±0.005EF1 0.079±0.009E1 
B15 
Static 0.108±0.010c1 0.105±0.008e1 
Kinetic 0.082±0.006F1 0.077±0.008E1 
B25 
Static 0.192±0.024b1 0.170±0.026c1 
Kinetic 0.140±0.026BC2 0.112±0.022CD2 
B50 
Static 0.397±0.046a1 0.366±0.052a1 
Kinetic 0.386±0.048A1 0.327±0.055A1 
Different letters and numbers within a column are significantly different (p≤0.05), where a-e for 
static COF, A-F for kinetic COF, and 1-2 for between static and kinetic COF of each sample. 
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In general, the static friction is greater than the kinetic friction because the force required 
to initiate the motion, called for the coefficient of static friction, is usually more difficult than a 
force required to stop the motion, known as the coefficient of kinetic friction (Yakubov, Magee, 
and Chen n.d.). The result demonstrated in agreement with the theory in which the static friction 
of all film samples was higher than the kinetic friction whatever those films were tested for inside-
inside or outside-outside faces. Overall, for both inside-inside and outside-outside coefficient of 
frictions, the active film B demonstrated the result in contrast to the active film A. Active film type 
B experienced the increment of coefficient of static and kinetic frictions if loaded more oxygen 
scavenger in the middle layer, while active film type A experienced the reduction of coefficient of 
static and kinetic frictions if increased the amount of oxygen scavenger. The significant difference 
of coefficient of frictions between two types of the active film compared to control and a 
commercial film is shown in Table 9. In addition, there was no significant difference between 
static and kinetic friction for most of the investigated film for both inside-inside and outside-
outside testing, except A15, A20, and B25 active films. 
From the table, the active film B50 had the highest value of the static and kinetic coefficient 
of friction for inside-inside testing amongst the experimental films which accounted to 0.397 and 
0.386, respectively. The active film B25 and a commercial film had no significant difference in 
static and kinetic friction in which they were experienced to 0.192 and 0.176 for static friction, and 
0.140 and 0.165 for kinetic friction, respectively. The other samples showed the similar value of 
static friction; however, some films had the significant difference in kinetic friction. The kinetic 
coefficient of friction of all active film A and B for inside-inside COF testing, except active film 
B25 and B50, decreased significantly compared to the control film. 
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Taking consideration into the outside-outside COF testing, the result demonstrated similar 
to the inside-inside COF testing in which the active film B50 had the highest value of the static 
and kinetic coefficient of friction amongst the experimental films which accounted to 0.366 and 
0.327, respectively. In this case, the static and kinetic friction value of a commercial film were 
0.236 and 0.206, respectively. The active film B25 and control film had no significant difference 
in static and kinetic friction in which they were experienced to 0.170 and 0.148 for static friction, 
and 0.112 and 0.145 for kinetic friction, respectively. The static and kinetic friction of all active 
film A had lower than control film, but there was no significant difference between each sample. 
Both types of coefficient friction of active film B5 and B15 were lower than other films in which 
active film B5 demonstrated the lowest coefficient value at 0.101 for static friction and 0.079 
kinetic friction. 
 8.3.5 Oxygen Transmission Rate (OTR) 
 The oxygen transmission rate of all experimental films was evaluated in order to study the 
effect of oxygen scavenger on oxygen barrier property. The oxygen permeation rate for the 
different concentrations of oxygen scavenger is shown in Figure 36. Overall, incorporating the 
iron-based oxygen scavenger to the LLDPE film structure significantly increased the oxygen 
transmission rate, especially the active film type B. A commercial film had the highest oxygen 
permeation rate which accounted for 643.99 cc/(m2-day) because of its film thickness (the lowest 
thickness), whereas the oxygen transmission rate of the control film was recorded for 451.84 
cc/(m2-day). Although the oxygen transmission rate of active film A5 through A50 significantly 
increased; however, there was no significant difference in oxygen permeation rate between active 
films A5 through A15 compared to the control film. The OTR of active film A5 through A50 
ranged from 462.41 to 508.95 cc/(m2-day). Conversely, the active film type B had the significant 
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difference in oxygen permeation rate compared to the control film. The OTR of active film B5, 
B15, B25, and B50 were 529.50, 544.65, 553.26, and 603.14 cc/(m2-day), respectively. The OTR 
of active film B50 was closed to the OTR of a commercial film, but it was not significantly 
different between them. 
 
Figure 36. Oxygen transmission rate of investigated films 
The higher oxygen transmission rate of the active film could be caused by the disruption 
of inorganic particle molecules in the polymer matrix that decreases the intermolecular forces of 
polymer chains. As a result to the increase of the free volume as micro-pore formation between 
polymers chain which influences on the oxygen barrier property in agreement with the study of 
Ahn and co-workers (2016). The addition of oxygen scavenger type B might induce the larger size 
of free volumes in the LLDPE film structure which affected on the higher increase of gas 
permeation rate because of the higher poor miscibility in the polymer matrix. Consequently, the 
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OTR of active film B was greater than the OTR of active film A at the same oxygen scavenger 
content. 
Table 10. Oxygen barrier property of investigated film 
Film Types Oxygen Transmission Rate; OTR (cc/[m2-day]) 
Commercial 643.99±11.97a 
Control 451.84±8.46g 
A5 462.41±0.79fg 
A10 468.65±9.35efg 
A15 491.30±12.11defg 
A20 494.29±17.09def 
A25 496.17±14.60def 
A50 508.95±11.69cde 
B5 529.50±18.18bcd 
B15 544.65±5.58bc 
B25 553.26±2.26b 
B50 603.14±11.34a 
a-gDifferent letters in the table are significantly different (p≤0.05).  
 8.3.6 Water Vapor Transmission Rate (WVTR) 
The water vapor transmission rate of all experimental films was evaluated in order to study 
the effect of oxygen scavenger on water vapor barrier property. The water vapor permeation rate 
for the different concentrations of oxygen scavenger is shown in Figure 37. Similarly, adding the 
iron-based oxygen scavenger to the LLDPE film structure significantly increased the water vapor 
transmission rate, especially the active film type B. A commercial film had the highest WVTR 
which accounted for 28.45 g/(m2-day) because of its film thickness (the lowest thickness), whereas 
the WVTR of the control film was recorded the minimum value for 20.73 g/(m2-day). 
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There was no significant difference in water vapor transmission rate between active film 
A5 through A50 compared to the control film and active film B5. The WVTR of active film A5 
through A50, and B5 ranged from 21.73 to 24.20, and 22.75 g/(m2-day), respectively. Conversely, 
the active film B15 through B50 had the significant difference in water vapor permeation rate 
compared to the control film. The WVTR values of active film B15, B25, and B50 were 24.43, 
27.45, and 29 g/(m2-day), respectively. The active film B50 was recorded the maximum WVTR, 
but it was not significantly different compared to a commercial film as demonstrated in Table 11. 
Similar to the OTR discussion, the addition of oxygen scavenger type B much more disturbed the 
intermolecular forces in polymer matrix by inducing the larger size of free volumes in the LLDPE 
film structure. As a result, the WVTR of active film B was significantly higher than the WVTR of 
active film A at the same amount of oxygen scavenger. 
 
Figure 37. Water vapor transmission rate of investigated films 
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Table 11. Water vapor barrier property of investigated film 
Film Types Water Vapor Transmission Rate (g/[m2-day]) 
Commercial 28.45±0.35a 
Control 20.73±1.86d 
A5 21.73±1.31cd 
A10 22.65±0.07cd 
A15 22.70±0.56cd 
A20 23.17±1.42cd 
A25 23.73±2.06cd 
A50 24.20±0.72c 
B5 22.75±0.70cd 
B15 24.43±0.42bc 
B25 27.45±1.10ab 
B50 29.00±1.24a 
a-dDifferent letters in the table are significantly different (p≤0.05). 
8.3.7 Flex Cracking Resistance 
Flex cracking resistance was conducted to determine the effect of flexing on gas and 
moisture barrier properties representing the flexibility and end-use performance of the active films 
compared to a commercial and control film. After flexing, all investigated films have tested the 
oxygen and water vapor transmission rate, and then compared to the experimental films before 
flexing. The differences in gas and moisture barrier properties of investigated films before and 
after flexing are shown in Figure 38 and 39. Overall, the oxygen and water vapor transmission rate 
of all investigated films slightly increased after flexing due to the increase of small cracking areas. 
The trend of gas and moisture barrier values after flexing was similar to its trend before flexing in 
which adding the higher amount of oxygen scavenger in LLDPE film led to the increment of gas 
and moisture transmission rate significantly, especially for active film type B. 
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Figure 38. The comparison on oxygen transmission rate of before and after flexed films 
 
Figure 39. The comparison on water vapor transmission rate of before and after flexed films 
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Table 12. Oxygen and water vapor barrier properties of before and after flexed film in the study 
Film Types 
OTR 
(cc/[m2-day]) 
WVTR 
 (g/[m2-day]) 
Commercial 
Before flexing 643.99±11.97a1 28.45±0.35a1 
After flexing 751.65±43.53A1 29.30±0.00B1 
Control 
Before flexing 451.84±8.46g1 20.73±1.86d1 
After flexing 469.38±3.24F1 21.67±0.55E1 
A5 
Before flexing 462.41±0.79fg1 21.73±1.31cd1 
After flexing 474.78±2.77F2 22.03±0.21DE1 
A10 
Before flexing 468.65±9.35efg1 22.65±0.07cd1 
After flexing 490.40±13.86EF1 22.95±0.50CDE1 
A15 
Before flexing 491.30±12.11defg1 22.70±0.56cd1 
After flexing 502.30±7.39DEF1 24.27±0.76CDE2 
A20 
Before flexing 494.29±17.09def1 23.17±1.42cd1 
After flexing 508.69±0.06DEF1 24.95±0.21CD1 
A25 
Before flexing 496.17±14.60def1 23.73±2.06cd1 
After flexing 512.74±6.87DEF1 25.33±1.19C1 
A50 
Before flexing 508.95±11.69cde1 24.20±0.72c1 
After flexing 516.33±14.29DEF1 25.47±0.55C1 
B5 
Before flexing 529.50±18.18bcd1 22.75±0.70cd1 
After flexing 557.25±11.65CDE1 24.50±0.85CDE1 
B15 
Before flexing 544.65±5.58bc1 24.43±0.42bc1 
After flexing 560.43±27.27CD1 25.20±1.13C1 
B25 
Before flexing 553.26±2.26b1 27.45±1.10ab1 
After flexing 613.66±13.13BC2 31.95±1.77AB2 
B50 
Before flexing 603.14±11.34a1 29.00±1.24a1 
After flexing 643.20±13.53B1 33.50±1.56A2 
Different letters and numbers within a column are significantly different (p≤0.05), where a-g for 
films before flexing, A-F for films after flexing, and 1-2 for the difference between films before 
and after flexing of each sample. 
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 For oxygen transmission rate after flexing, the commercial film also demonstrated the 
significantly highest OTR value amongst the experimental films because of its minimum film 
thickness. The OTR of a commercial film after flexing was 751.65 cc/(m2-day). The control film 
had the lowest OTR value after flexing compared to the active film A and B which accounted for 
469.38 cc/(m2-day). Although the oxygen transmission rate of active film A5 through A50 slightly 
increased after flexing; however, there was no significant difference in oxygen permeation rate 
between them compared to the control film. The OTR of active film A5 through A50 ranged from 
474.78 to 516.33 cc/(m2-day). Conversely, the active film type B had the significant difference in 
oxygen permeation rate after flexing compared to the control film. The OTR of active film B5, 
B15, B25, and B50 were 557.25, 560.43, 613.66, and 643.20 cc/(m2-day), respectively. The OTR 
of active film B25 and B50 was significantly different compared to the active film B5 and B15. 
Also, the OTR of active film B after flexing was much greater than the OTR of active film A after 
flexing at the same amount of oxygen scavenger. There was no significant difference in OTR value 
of experimental films before and after flexing of each sample, except the OTR of active film A5 
and B25 at 95% of confidence level. 
 In case of the water vapor transmission rate after flexing, similarly, the control film had 
the lowest WVTR value after flexing amongst the investigated films which accounted for 21.67 
g/(m2-day). Similarly, although the water vapor transmission rate of active film A5 through A50 
significantly increased after flexing; however, there was no significant difference in moisture 
permeation rate between active films A5 through A15 compared to the control film. The WVTR 
of active film A5 through A50 ranged from 22.03 to 25.47 g/(m2-day). Conversely, the active film 
type B had the significant difference in moisture permeation rate after flexing compared to the 
control film, except active film B5. The WVTR of active film B5, B15, B25, and B50 were 24.50, 
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25.20, 31.95, and 33.50 g/(m2-day), respectively. The WVTR of active film B25 and B50 was 
significantly different compared to the active film B5 and B15. Also, the WVTR of active film B 
after flexing was higher than the WVTR of active film A after flexing at the same amount of 
oxygen scavenger, especially at 25% and 50%. The active film B50 had the maximum in WVTR 
value, followed by the active film B25 compared to the other films. The WVTR after flexing of 
active film B25 was slightly higher than the WVTR of a commercial film, but it was not 
significantly different between them (p<0.05). The WVTR of a commercial film after flexing was 
29.30 g/(m2-day). In addition, there was no significant difference in the WVTR value of 
experimental films. 
8.3.8 Percent of Light Transmission 
Light transmission of investigated films was obtained in order to study the effect of oxygen 
scavenger on the optical property of active film due to the appearance of packaging film is 
important for consumer perception in buying decision. Fresh and exposed films at 75%RH for 28 
days were measured to compare the difference of light transmission between two active films 
compared to the commercial and control film. The result is demonstrated in Figure 40. From the 
study, as the level of oxygen scavenger increased, the percent of light transmission of both fresh 
and exposed films significantly decreased as demonstrated in Table 13. This was due to the iron 
particles in the active films could block the transmitted light that passed through the film structure. 
In addition, there was no significant difference of light transmission value between fresh and 
exposed film within each treatment.  
A commercial and control film was no significant difference in the percent of light 
transmission of both fresh and exposed films. The fresh and exposed commercial film had the 
percent of light transmission at 86.56% and 86.15%, respectively, which was similar to the fresh 
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and exposed control film at 86.51% and 86.11%, respectively. The light transmission values of 
fresh active film type A slightly decreased compared to the control film from 86.51% to 79.50% 
if loaded the amount of oxygen scavenger from 5% to 25% by weight. If adding more oxygen 
scavenger up to 50% by weight; however, the light transmission decreased significantly from 
86.51% to 54.96%. Exposed active film type A was the similar trend and result to the fresh active 
film type A. For active film type B, the significant reduction of light transmission of fresh and 
exposed film was represented by active film B25 and B50 compared to the control film. The fresh 
active film B25 and B50 had the percent of light transmission at 71.13% and 51.18%, whereas the 
exposed film B25 and B50 had the light transmission values around 70.63% and 49.36%, 
respectively. Nevertheless, there was no significant difference in light transmission value between 
two active films at the same amount of oxygen scavenger. 
 
 Figure 40. Percent of light transmission of experimental films  
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Table 13. Light transmission of fresh and exposed films in the study 
Film Types 
Light Transmission of 
Fresh Film (%) 
Light Transmission of 
Exposed Film (%) 
Commercial 86.56±2.84aA 86.15±2.37aA 
Control 86.51±1.24aA 86.11±2.60aA 
A5 83.26±2.65abA 83.37±2.27abA 
A10 82.91±2.70abA 82.26±2.60abA 
A15 81.57±2.51abA 81.03±2.09abA 
A20 79.74±2.23abcA 77.68±1.73bcA 
A25 79.50±2.18abcA 78.67±2.00abcA 
A50 54.96±0.99dA 52.25±1.25dA 
B5 84.82±1.71abA 80.72±2.22abA 
B15 76.17±1.70bcA 75.66±1.40bcA 
B25 71.13±2.41cA 70.63±1.94cA 
B50 51.18±2.90dA 49.36±2.30dA 
a-dDifferent letters in the same column indicate significant differences (p≤0.05) for the light 
transmission of different samples. ADifferent letters within a row are significantly different 
(p≤0.05) for the light transmission between fresh and exposed film of the same sample. 
8.3.9 Film Color 
The film color, expressed as L* (lightness), a* (red to green), b* (yellow to blue), and ΔE 
(total color difference) values, of the commercial, control, and two active oxygen scavenging films 
are shown in Table 14. The total color change was demonstrated in case of the color difference 
between control film and active film at various amount of oxygen scavenger contents for both 
fresh and exposed films. In addition, the total color change was also investigated between fresh 
and exposed film each treatment. The color of iron particles in active film changed from black to 
brown due to the reaction between iron (Fe), oxygen (O2), and humidity (H2O). This changed color 
could be affected on the total color value of active film. Figure 41 is illustrated the physical color 
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change of active substance (Fe particles) in the active films before and after exposure the humidity 
at 75±5%RH. 
 
Figure 41. Micrographs of (a) control film, (b) fresh active film, (c) and (d) exposed active films 
 
Figure 42. Total color difference of active films compared to the control film 
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Figure 43. Total color difference of experimental films between fresh and exposed film 
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Table 14. Effect of oxygen scavenger on the L*, a*, b* and ΔE values of investigated films 
Film Types L* a* b* ΔE1 ΔE2 
Commercial 
Fresh film 96.63±0.10a 0.03±0.02d 1.81±0.03b - 
0.02±0.06a 
Exposed film 96.65±0.11A 0.04±0.01DE 1.81±0.04DE - 
Control 
Fresh film 96.67±0.08a 0.00±0.02d 1.61±0.02cd - 
0.01±0.04a 
Exposed film 96.68±0.09A 0.01±0.02E 1.61±0.01E - 
A5 
Fresh film 95.26±0.40cd 0.10±0.04bc 2.14±0.11a 0.40±0.13f 
0.14±0.04ab 
Exposed film 96.18±0.09AB 0.06±0.03DE 1.75±0.03E 0.52±0.14G 
A10 
Fresh film 96.21±0.09ab 0.01±0.02d 1.73±0.04bc 0.48±0.10ef 
0.20±0.09ab 
Exposed film 96.12±0.11AB 0.07±0.02DE 1.84±0.03DE 0.62±0.17FG 
A15 
Fresh film 96.00±0.10b 0.02±0.03d 1.73±0.01bc 0.68±0.11ef 
0.50±0.17ab 
Exposed film 95.55±0.24B 0.18±0.05CD 2.04±0.07CD 1.22±0.27EF 
A20 
Fresh film 95.74±0.08bc 0.04±0.02cd 1.80±0.03bc 0.99±0.10e 
0.82±0.11abc 
Exposed film 95.12±0.12B 0.23±0.03CD 2.24±0.01BC 1.71±0.14E 
A25 
Fresh film 95.74±0.09bc 0.05±0.03cd 1.81±0.02bc 0.97±0.14e 
0.82±0.33bc 
Exposed film 95.08±0.35B 0.27±0.03C 2.18±0.08BC 1.99±0.33E 
A50 
Fresh film 94.95±0.26d 0.06±0.02cd 1.81±0.04bc 1.71±0.24d 
1.60±0.57cd 
Exposed film 92.02±1.73C 0.77±0.27A 3.12±0.45A 4.23±1.01D 
B5 
Fresh film 95.26±0.40cd 0.27±0.05a 2.18±0.09a 1.55±0.37d 
2.32±0.47d 
Exposed film 92.81±0.36C 0.88±0.06A 2.34±0.06B 4.04±0.37D 
B15 
Fresh film 90.51±0.48e 0.14±0.02b 2.14±0.11a 6.18±0.47c 
2.37±0.58d 
Exposed film 88.33±0.73D 0.81±0.05A 2.16±0.06BC 8.44±0.73C 
B25 
Fresh film 88.69±0.61f 0.11±0.03bc 1.45±0.26d 8.00±0.57b 
4.00±0.88e 
Exposed film 84.81±0.75E 0.55±0.03B 1.66±0.15E 11.91±0.77B 
B50 
Fresh film 82.77±0.47g -0.38±0.10e -1.03±0.27e 14.16±0.49a 
4.48±0.68e 
Exposed film 78.41±0.34F 0.12±0.12CDE -0.44±0.35F 18.40±0.25A 
Different letters within a column are significantly different (p≤0.05). ΔE1 is represented for the total color difference between different 
active films compared to control film, ΔE2 is demonstrated for the total color difference between fresh and exposed film within the same 
treatment.
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Additionally, there was no significant difference in ΔE value between fresh and exposed 
film of the commercial and control film as well as the active film A5 to A15 as demonstrated in 
Table 14 and Figure 43. The active film A20 and A25 had the same ΔE value between fresh and 
exposed film at 0.82. For active film A50, B5, and B15, there were the similar ΔE values between 
fresh and exposed film at 1.60, 2.32, and 2.37, respectively. Values of ΔE between fresh and 
exposed film for active film B25 and B50 were 4.00 and 4.48, respectively, which were not 
significantly different between them. 
Specifically, the L* value of the fresh active film A decreased from 96.67 to 94.95, but the 
value of a* increased from 0.00 to 0.06, and b* increased from 1.61 to 1.81. Similarly, the L* 
value of the exposed active film A decreased from 96.68 to 92.02, but the value of a* increased 
from 0.01 to 0.77, and b* increased from 1.61 to 3.12, indicating a tendency toward redness and 
yellowness compared with the control LLDPE film. Hence, the loading of the oxygen scavenger 
into the LLDPE film significantly affected the L*, a*, b* values in agreement with the study of 
Ahn and co-workers (2016). The color changes in the LLDPE film were most likely caused by the 
presence of iron particles which can be converted into the Fe(OH)3 after exposure to humidity and 
oxygen in the air. Iron (III) hydroxide contributed the color of active film into reddish or brownish 
color.  
For active film B, the great reduction of L* value was expressed when increasing the level 
of oxygen scavenger of fresh film. The L* value of the fresh active film B decreased from 96.67 
to 82.77. The a* and b* values of fresh active film B also reduced with the increment of oxygen 
scavenger because of the composition of oxygen scavenger masterbatch type B, a white pigment 
of TiO2. The a* and b* values of fresh active film B decreased from 0.00 to -0.38, and 1.61 to         
-1.03, respectively. Although the L* value of the exposed active film B decreased from 96.68 to 
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78.41, and b* decreased from 1.61 to -0.44, but the value of a* increased from 0.01 to 0.12. As a 
result, the overall film color of fresh and exposed active film B tended to be greyish and reddish 
due to the presence of oxygen scavenger (Fe particles). 
8.4  Effect of Active Oxygen Scavenging Film on Sliced Bread Qualities 
 In this study, both active film A and B at 5%, 15%, 25%, and 50% of oxygen scavenger 
were selected to study the effect of active packaging on sliced bread qualities compared to the 
commercial and control film.  
8.4.1 Moisture Loss of Sliced Bread 
Moisture analysis of sliced bread was measured by weighing sliced bread with its package 
at the specific time of storage. All bread samples were kept in the controlled condition at 23±2 °C 
and 75±5%RH. The study can be used to indicate how bread package can maintain the quality of 
sliced bread after packing and on-shelf marketing until it is distributed to consumers. The moisture 
loss of sliced bread is demonstrated in Figure 44. 
 
Figure 44. Moisture loss analysis of white sliced bread over the storage period of 24 days
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Table 15. Summary of moisture loss analysis of sliced bread packed in the different films 
Film Types 
Percent of Moisture Loss (%) 
Day 6 Day 9 Day 12 Day 15 Day 21 Day 24 
Commercial 0.15±0.02aA 0.21±0.03aAB 0.25±0.02aBC 0.30±0.03aC 0.39±0.02abD 0.44±0.03abD 
Control 0.10±0.02bA 0.14±0.03bAB 0.20±0.04abcAB 0.24±0.04abcBC 0.32±0.06abcCD 0.36±0.05bcdeD 
A5 0.07±0.01bcdA 0.10±0.01bAB 0.14±0.01cBC 0.18±0.02cC 0.24±0.02cD 0.27±0.02eD 
B5 0.05±0.01cdA 0.11±0.01bB 0.15±0.03bcBC 0.19±0.01cC 0.27±0.03cD 0.31±0.01deD 
A15 0.08±0.02bcA 0.12±0.01bAB 0.15±0.03bcBC 0.18±0.01cC 0.27±0.02cD 0.30±0.01deD 
B15 0.06±0.02bcdA 0.13±0.03bAB 0.18±0.01bcB 0.27±0.03abC 0.33±0.03abcCD 0.40±0.04abcdD 
A25 0.03±0.01dA 0.11±0.02bB 0.14±0.02cB 0.22±0.03abcC 0.28±0.02cCD 0.34±0.05bcdeD 
B25 0.09±0.01bcA 0.14±0.01bB 0.21±0.01abC 0.24±0.02abcC 0.37±0.01abD 0.42±0.02abcE 
A50 0.06±0.01bcdA 0.12±0.02bB 0.16±0.01bcB 0.21±0.01bcC 0.30±0.01bcD 0.34±0.02cdeD 
B50 0.06±0.02bcdA 0.12±0.03bAB 0.21±0.04abBC 0.28±0.04abCD 0.40±0.06aDE 0.47±0.07aE 
a-eDifferent letters within a column are significantly different (p≤0.05) for the percent of moisture loss of different films at the same day. 
A-EDifferent letters within a row are significantly different (p≤0.05) for the percent of moisture loss of each film at different days. 
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Sliced bread loses moisture due to the ventilation of water content itself. Packaging is used 
to prevent and reduce the moisture loss from bread slices. The barrier property of film plays a vital 
role in order to maintain the bread weight which referred to the moisture content of bread slices. 
In the study, sliced bread lost its moisture content over time along 24 days of storage. The result 
is in agreement with the study of Matche et al. (2011). From day 6 to day 9, the moisture content 
of sliced bread in a commercial package lost the most because of its film thickness. The 
commercial film had the lowest thickness; consequently, it had the highest water vapor 
transmission rate (WVTR) value influencing the protection of moisture content of sliced bread. 
The moisture loss of a commercial film was 0.15%, and 0.21% at day 6 and 9, respectively. Other 
film packages had the similar percentage of moisture loss ranging between 0.03% and 0.10% at 
day 6, and ranging from 0.10% to 0.14% at day 9 which was no significant difference in moisture 
loss value between them. 
Between day 12 and 15, the moisture content of sliced bread packed in the control, and 
active film A and B at 25% and 50% lost close to the commercial film ranging between 0.20% and 
0.28%, whereas the percent of moisture loss of the commercial film was 0.25% and 0.30%. The 
active film B50 had the maximum percentage of moisture loss of sliced bread which reached to 
0.40% and 0.47%, followed by the commercial film at 0.39% and 0.44% at day 21 and 24, 
respectively. This was due to the effect of the WVTR value of active film B50 which was higher 
than the other films after packing. The active film A50, A25, B25, B15, and control film had the 
similar value of moisture loss ranging from 0.28% to 0.37% at day 21, and 0.34% to 0.42% at day 
24. In addition, there was no significant difference in the percentage of moisture loss between the 
active film A and B at the same amount of oxygen scavenger, except at 50% by weight. Active 
film A50 had much less moisture loss than the active film B50 significantly as shown in Table 15. 
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For both active film A and B at 5% and 15%, there was no significant difference in moisture loss 
between them, although the active film A5 had the minimum percentage of moisture loss at 0.24% 
and 0.27% for day 21 and 24, respectively.  
To sum up, it can be concluded that the moisture loss of sliced bread packed in different 
investigated films relates to the water vapor transmission rate of each film. The higher moisture 
permeation rate of package film, the greater moisture loss of sliced bread. The active film A had 
the potential to maintain the moisture content inside the package compared to the active film B at 
the same amount of oxygen scavenger by weight. 
8.4.2 Sliced Bread Texture 
Sliced bread texture was measured at the specific time of storage for 24 days. All bread 
samples were kept in the controlled condition at 23±2 °C and 75±5%RH. The study can be used 
to indicate the freshness of sliced bread as the softer texture is mostly preferred for consumers. 
Crumb firmness is a mechanical property of sliced bread which often used to connect the sensory 
perception of freshness and elasticity by consumers according to Korczyk-Szabó and LACKO-
BARTOŠOVÁ (2013). In the study, crumb firmness of sliced bread was expressed as the 
maximum force needed to compress the bread samples. The changes in bread firmness during 
storage were assessed to determine the bread quality as seen in Figure 45. 
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Figure 45. Sliced bread texture profile analysis, required force (N) for the deflection of the bread 
surface over the storage period of 24 days in the different investigated films  
 
According to the texture analysis, sliced bread significantly increased its firmness over 
time during storage for 24 days. At day 0, the sliced bread firmness was 0.87 N which can be 
inferred to the fresh bread because it was the softest texture. The firmness of sliced bread increased 
significantly from day 0 to day 6 for commercial, control, and active film A and B at 5% and 15% 
by weight of oxygen scavenger. The firmness of those samples was 1.62 N, 1.53 N, 2.29 N, 1.77 
N, 1.61 N, and 1.68 N at day 6, respectively. At day 6, the other samples, active film A and B at 
25% and 50% contents of oxygen scavenger had the crumb firmness significantly lower than the 
commercial, control, and active film at 5% and 15% which accounted for 0.93 N, 1.30 N, 1.20 N, 
and 1.21 N, respectively.  
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At day 12, the firmness of sliced bread in active film A25, B25, A50, and B50 increased 
slightly, whereas the crumb firmness of sliced bread in the other films increased significantly. The 
sliced bread texture of the other films, except A25, B25, A50, and B50, was higher than 2 N, while 
the firmness of A25, B25, A50, and B50 was 1.49 N, 1.72 N, 1.29, and 1.40 N, respectively. 
Between day 18 and 24, the firmness of all samples increased gradually, except the commercial 
and control films. The sliced bread texture of commercial and control film increased dramatically 
from day 18 to day 24, and reached the maximum value at day 24 which accounted for 5.91 N and 
5.30 N. The sliced bread firmness in active film A25 had the minimum value ranging from 1.77 N 
to 2.43 N between day 18 and day 24, respectively. This result related to the moisture loss of sliced 
bread. In addition, the sliced bread texture in all active films had the firmness value lower than the 
commercial and control film significantly (less than 5 N). This was due to the oxygen scavenging 
film could maintain the natural texture of sliced bread as in agreement with the study of Matche 
and co-workers (2011). However, the difference in sliced bread texture between active film A and 
B at the same oxygen scavenger content relies on the moisture barrier property of each film after 
packing as similar to the result of moisture loss in the study. 
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Table 16. Summary of texture profile analysis of sliced bread packed in the different films 
Film Types 
Sliced Bread Firmness (N) 
Day 0 Day 6 Day 12 Day 18 Day 24 
Commercial 0.87±0.20aA 1.62±0.16bB 3.40±0.38aC 3.55±0.55bcC 5.91±0.58aD 
Control 0.87±0.20aA 1.53±0.17bcB 3.22±0.31aC 3.30±0.59bcC 5.30±0.31aD 
A5 0.87±0.20aA 2.29±0.11aB 2.57±0.18cB 3.15±0.30bcdC 3.64±0.25bcD 
B5 0.87±0.20aA 1.77±0.23bB 2.75±0.38bcC 3.32±0.17bcD 3.38±0.16bcdD 
A15 0.87±0.20aA 1.61±0.13bB 2.50±0.25cC 4.74±0.71aD 4.84±0.30abD 
B15 0.87±0.20aA 1.68±0.09bB 3.21±0.23abC 3.80±0.26abD 4.90±0.39abE 
A25 0.87±0.20aA 0.93±0.26eA 1.49±0.27deAB 1.77±0.70eB 2.43±0.34dC 
B25 0.87±0.20aA 1.30±0.25cdAB 1.72±0.12dBC 2.09±0.12deC 3.34±0.82cdD 
A50 0.87±0.20aA 1.20±0.08deA 1.29±0.07eA 2.83±0.52cdB 3.95±0.49bcC 
B50 0.87±0.20aA 1.21±0.17deA 1.40±0.19deA 2.78±0.60cdB 4.04±0.68bcC 
a-eDifferent letters within a column are significantly different (p≤0.05) for the sliced bread firmness in different films at the same day. 
A-EDifferent letters within a row are significantly different (p≤0.05) for the sliced bread firmness of each film at different days. 
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8.4.3 Color Change of Sliced Bread 
The color change of sliced bread was measured at the specific time of storage for 24 days 
using the CIE Lab color model in order to investigate the color development of bread slices. All 
bread samples were kept in the controlled condition at 23±2 °C and 75±5%RH. The L*a*b* values 
were reported and the total color change value (E*) was calculated to compare the total color 
difference of sliced bread between the initial color values of bread slices and the color values of 
bread slices at the specific time of shelf life. The study can be used to indicate the freshness and 
quality of sliced bread as a more natural color is mostly preferred for consumers. The change in 
sliced bread color during storage is illustrated in Figure 46. 
 
Figure 46. The total color change of sliced bread packed in the different investigated films at the 
specific time of storage 
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Table 17.1. Effect of various packaging films on the L*, a*, b* and *E values of sliced bread at 
the specific time of storage  
Storage Time Film Types L* a* b* *E 
Day 0 All samples 70.86±0.46A 0.07±0.06A 15.82±0.77A - 
Day 6 
Commercial 70.66±1.49abA 0.04±0.11aA 14.69±0.59aA 1.55±0.22aA 
Control 69.63±1.50bA 0.11±0.12aA 15.47±0.64aA 1.62±0.79aA 
A5 71.97±2.30abA -0.03±0.22aAB 15.20±0.82aAB 0.30±0.28aB 
B5 70.98±0.72abA -0.17±0.22aA 14.62±0.67aA 1.29±0.47aA 
A15 69.68±1.78bA -0.16±0.08aBC 14.72±0.37aBC 1.59±0.13aA 
B15 73.26±2.08abA -0.11±0.13aB 14.71±0.21aB 1.23±0.09aA 
A25 70.93±1.79abAB -0.11±0.24aBC 14.87±1.12aAB 1.45±0.73aA 
B25 73.26±2.08aA 0.07±0.26aA 15.40±1.08aA 1.44±0.60aB 
A50 70.00±1.70abA -0.05±0.23aA 14.72±0.86aA 0.98±0.68aB 
B50 71.26±0.96abA 0.08±0.15aA 15.06±0.72aAB 1.05±0.50aB 
Day 12 
Commercial 69.70±0.64abAB 0.03±0.25abcA 15.60±1.18abA 2.57±1.00aAB 
Control 67.62±3.00bA 0.21±0.26abA 15.23±0.44abcA 1.96±0.66aAB 
A5 70.49±1.57abA 0.35±0.22abA 16.54±0.83aA 1.54±0.32aA 
B5 70.85±0.82abA -0.06±0.22bcA 14.83±0.70bcA 1.85±0.39aA 
A15 70.74±1.61abA 0.06±0.18abcAB 15.47±0.49abAB 1.76±0.39aA 
B15 71.02±2.24abA 0.22±0.14abAB 15.74±0.80abAB 1.86±0.62aA 
A25 71.43±0.91aA -0.35±0.12cC 13.62±0.66cBC 1.96±0.66aA 
B25 70.45±2.03abAB 0.24±0.28abA 15.39±1.14abA 1.56±0.42aB 
A50 68.99±1.90abAB 0.01±0.17abcA 14.68±0.67bcA 2.02±0.23aAB 
B50 70.54±0.70abA 0.41±0.20aB 16.24±0.69abA 1.18±0.67aB 
Day 18 
Commercial 68.14±2.71bAB 0.13±0.14abcA 15.47±0.77abcA 2.93±0.40aAB 
Control 67.80±2.32abA 0.17±0.22abA 15.32±1.25abA 2.77±0.12aAB 
A5 70.66±2.17abA -0.30±0.13dB 13.79±0.72cB 1.72±0.13aAB 
B5 70.56±0.68abA -0.07±0.39abcdA 15.81±1.00aA 2.01±0.55aA 
A15 71.68±1.17aA -0.23±0.14cdC 14.00±0.15bcC 2.20±0.31aA 
B15 70.90±1.14abA -0.10±0.14bcdAB 14.89±0.58abcAB 1.91±0.71aA 
A25 68.24±0.76bB 0.34±0.11aA 14.88±0.75abcAB 2.58±0.59aA 
B25 68.30±1.11bB 0.08±0.17abcdA 14.95±0.68abcA 1.89±0.94aAB 
A50 68.40±0.68abAB 0.43±0.10abcA 15.22±0.29abcA 2.44±0.13aAB 
B50 71.31±1.24abA -0.20±0.09bcdC 14.35±0.92abcB 2.22±0.63aAB 
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Table 17.2. Effect of various packaging films on the L*, a*, b* and *E values of sliced bread at 
the specific time of storage (continue) 
Storage Time Film Types L* a* b* *E 
Day 24 
Commercial 67.47±1.69cB -0.03±0.19abA 14.46±0.73abA 4.49±1.07aB 
Control 68.79±1.25cA 0.17±0.17abA 15.66±1.22aA 3.42±0.52abB 
A5 69.76±2.46bcA 0.27±0.39aA 15.82±1.26aA 2.29±0.75bA 
B5 73.53±1.20aB 0.01±0.13abA 16.20±1.06aA 2.15±1.01bA 
A15 71.76±1.65abA 0.22±0.16aA 16.29±1.38aA 2.50±0.62abA 
B15 71.83±1.25abA 0.25±0.34aA 16.28±1.21aA 2.19±0.27bA 
A25 69.74±2.16bcAB -0.27±0.12bC 13.20±0.39bC 2.69±0.91abA 
B25 72.69±1.54abA -0.08±0.10abA 14.72±0.32abA 2.99±0.52abA 
A50 66.77±0.38cB -0.10±0.19abA 14.10±0.94abA 3.31±0.25abA 
B50 73.62±0.67aB -0.18±0.05abC 14.23±0.63abB 3.31±0.51abA 
a-dDifferent letters within a column are significantly different (p≤0.05) for the sliced bread color 
values in different films at the same day. A-CDifferent letters within a column are significantly 
different (p≤0.05) for the sliced bread color values stored in each film at different days. 
From the study, the active oxygen scavenging films could maintain the natural color of 
white sliced bread compared to the commercial and control film. The total color change of sliced 
bread increased significantly through the storage time for 24 days. The natural color of sliced bread 
changed because of the deterioration process (Popov-Raljić et al. 2009). The bread slices in a 
commercial film had the highest total color change amongst the other investigated films, especially 
at day 24 of the storage, while the color of sliced bread in all active films was less than the 
commercial film significantly. However, there was no significant difference in the total color 
change of sliced bread between investigated films during day 6 to day 18. The total color change 
of sliced bread in both active films A and B at the same amount of oxygen scavenger was not 
significantly different as demonstrated in Table 17.2. Additionally, there was no trend in the 
change of L*, a*, and b* values of sliced bread color along the storage time due to the variation of 
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the raw material composition of sliced bread (flour) according to the study of Popov-Raljić et al. 
(2009). 
8.4.4 Sensory Evaluation 
 Two consumer acceptance sensory tests were conducted after the white sliced bread 
packages had been stored for 6 and 14 days. Fresh sliced bread was also tested compared to the 
aged sliced bread. In each test, 30 consumers were given samples of the bread slices of the four 
different packages and asked to evaluate their appearance, taste, texture (by finger), texture 
(mouth-feel), aroma, and overall acceptability using a nine-point hedonic scale (1 for dislike it 
extremely and 9 for like it extremely). All samples of bread slices were provided at ambient 
temperature and the tests were conducted in the laboratory. Consumers who participated in the 
sensory evaluations were recruited at Rochester Institute of Technology from general students, 
faculty and staff. Responses were collected anonymously using a questionnaire paper. 
 
Figure 47. Sliced bread consumption frequency of participants in the 1st sensory test 
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Figure 48. Sliced bread consumption frequency of participants in the 2nd sensory test 
 
Figure 49. The percentage of participant gender in sensory evaluation of white sliced bread 
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Figure 50. The percentage of participant age in sensory evaluation of white sliced bread 
 
Figure 51. Sensory attributes analysis of bread slices at the specific time of storage 
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Table 18. Results of sensory analysis for consumer acceptance between sliced bread stored in commercial, control, active A25, and 
active B25 packages at 6 and 14 days of storage and fresh bread. 
Storage Time 
(Days) 
Treatments 
Sensory Attributes 
Appearance Taste 
Texture 
(by finger) 
Texture 
(mouth-feel) 
Aroma 
Overall 
Acceptability 
0 (N=30) Fresh 7.14±1.48a 6.31±1.75a 7.00±1.41a 6.27±1.66abc 6.69±1.59a 6.32±1.77ab 
6 
(N=30) 
Commercial 6.62±1.59a 5.68±1.76a 5.07±1.51c 5.69±1.44c 5.81±1.62b 5.68±1.63b 
Control 6.59±1.84a 5.85±1.64a 5.62±1.70bc 5.72±1.54c 5.80±1.63b 5.77±1.61b 
A25 6.59±1.64a 6.27±1.73a 6.35±1.38ab 6.22±1.63abc 6.21±1.66ab 6.24±1.39ab 
B25 6.66±1.65a 6.03±1.82a 5.96±1.58abc 6.12±1.81abc 6.26±1.68ab 5.92±1.61b 
14 
(N=30) 
Commercial 5.79±1.66b 5.65±1.66a 6.06±1.61b 5.94±1.65bc 5.77±1.57b 5.77±1.48b 
Control 6.29±1.27ab 5.55±1.45a 6.17±1.72b 5.79±1.57c 5.57±1.45b 5.84±1.64b 
A25 6.97±1.40a 6.35±1.52a 7.29±1.37a 7.13±1.28a 6.65±1.45a 6.77±1.28a 
B25 6.87±1.48a 6.10±1.68a 6.65±1.70ab 7.00±1.54ab 6.29±1.81ab 6.48±1.75ab 
a-cDifferent letters within a column are significantly different (p≤0.05) for the sensory attribute of sliced bread stored in different films. 
N indicates number of untrained panelists in the sensory evaluation.  
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 From the study, there were no significant differences in consumer acceptance of bread 
slices stored in four packages (p>0.05) on day 6, but panelists rated the bread slices in the active 
film A25 significantly higher (p≤0.05) than those in the commercial and control bags for texture 
(by finger). By day 14, panelists detected the benefits of the active film A25 on white sliced bread 
freshness in all sensory attributes, except taste; however, panelists detected the benefits of the 
active film B25 on whites sliced bread freshness only in appearance and texture (mouth-feel) 
compared to the bread slices stored in commercial and control packages.  
The differences in appearance, texture (by finger and mouth-feel), aroma and overall 
acceptability found by the panelists are most likely due to the difference in color change, bread 
firmness, and weight loss of bread slices as well as the oxygen concentration in the package. The 
bread slices in the active film A25 had significantly lower weight loss and firmness than the bread 
slices of commercial and control packages at day 6 and day 14, and the bread slices of the active 
film A25 had significantly lower of the yellow color than the bread slices of commercial and 
control packages at day 14. The fact that there was a significant difference (p≤0.05) of the attribute 
aroma found by the panelists, is in agreement with the instrumental results since the levels of 
oxygen in the package of active film A25 were monitored lower than those of the sliced bread in 
commercial and control packages between day 12 and 18. Due to there was less oxygen inside the 
package of active film A25, therefore, the bread slices were less experienced in the oxidation 
process resulting in the less rancid odor of the bread slices compared to the commercial and control 
package at day 14. However, the panelists could not detect the different taste among the bread 
slices in different packages at day 6 and 14. This result disagrees with Matche and co-workers 
(2011) who reported that taste determined the freshness of bread that packed in oxygen scavenging 
film at day 5 of sensory analysis. 
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The significant (p≤0.05) preference for the appearance, texture (by finger and mouth-feel) 
and aroma of the bread slices in the active film A25 on day 14 indicates that consumers prefer 
white sliced bread with more softer and natural color (maintain lightness but less yellowness), and 
lower rancidity (oxidized odor). In the study, the overall acceptability for the bread slices in the 
active film A25 packages indicated the low importance of taste as an attribute towards the 
evaluation of the total consumer acceptance of white sliced bread. This was supported by 
Robertson (2013, 556) and Manzocco et al. (2017) who mentioned that the firmness (texture) of 
bread is mostly used as an indicator of the staling and shelf life determination of white sliced bread 
in the laboratory during storage at 25°C compared to the firmness of bread samples directly 
purchased from the market. To sum up, the bread slices in the active film A25 was the most 
preferable for consumer acceptance of white sliced bread after keeping for 14 days. All sensory 
attributes were similar to the fresh bread because there were no significant differences in consumer 
acceptance of bread slices between fresh and active film A25. 
8.5  Effect of Active Oxygen Scavenging Film on Sliced Bread Shelf Life 
8.5.1 % Oxygen inside the Package  
Both active film A and B at 5%, 15%, 25%, and 50% of oxygen scavenger were selected 
to study the effect of active packaging on sliced bread shelf life compared to the commercial and 
control film. In the study, the amount of oxygen was analyzed in order to monitor the percentage 
of oxygen inside the headspace of investigated bread packages for 24 days of storage using a 
Mocon OpTech with an adhesive sensor. Testing was conducted through the package wall. All 
bread packages were kept in the controlled condition at 23±2 °C and 75±5%RH in the APC 
laboratory at Rochester Institute of Technology. The lower oxygen concentration in headspace 
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inside the package is preferred to extend the sliced bread’s shelf life by retarding the oxidative 
reaction and inhibiting the growth of aerobic microorganism on bread (Robertson 2013). 
 
Figure 52. The oxygen concentration in headspace of investigated bread packages 
From the study, the oxygen concentration in the headspace of both commercial and control 
package was not significantly different along the storage period for 24 days. The oxygen 
concentration decreased significantly from day 0 to day 6, and then it slightly fluctuated between 
day 6 and day 24 for both commercial and control package. However, there was no significant 
difference in the oxygen concentration of commercial and control film from day 6 until the end of 
storage. Additionally, the oxygen concentration in the headspace of commercial and control film 
was significantly greater than the other samples through the storage period, ranging 19.89% and 
19.81% at day 24, respectively. Although there was no oxygen scavenger in commercial and 
control film, the oxygen concentration in headspace slightly decreased compared to the oxygen in 
air content (20.9%), because of the effect of its oxygen transmission rate property. 
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Table 19. The percentage of oxygen in headspace of various bread packages during 24 days of 
storage at 23±2 °C and 75±5%RH 
Film Types 
Storage Time (Days) 
0 6 12 18 24 
Commercial 20.49±0.17abA 20.28±0.21aAB 19.84±0.04abB 20.01±0.18aB 19.89±0.11aB 
Control 20.73±0.10aA 19.89±0.26abB 20.05±0.30aB 19.91±0.12aB 19.81±0.00abB 
A5 19.87±0.11bcA 19.67±0.10bcA 19.27±0.10cB 19.21±0.14bB 19.10±0.06abcB 
B5 19.72±0.07cA 19.42±0.05cdAB 19.28±0.01bcBC 19.06±0.07bBC 18.97±0.25bcdC 
A15 19.59±0.10cA 19.45±0.05cdAB 19.11±0.13cdB 19.13±0.04bB 19.05±0.22bcB 
B15 19.27±0.02cA 19.23±0.04cdA 18.93±0.15cdAB 18.88±0.17bAB 18.56±0.22cdB 
A25 19.45±0.08cA 19.08±0.09dAB 18.72±0.11dB 18.73±0.22bB 18.85±0.15cdB 
B25 19.51±0.38cA 19.16±0.03dAB 18.88±0.19cdAB 18.76±0.11bAB 18.23±0.70dB 
A50 19.51±0.37cA 19.06±0.05dAB 18.87±0.24cdAB 18.88±0.33bAB 18.58±0.11cdB 
B50 19.41±0.09cA 19.22±0.04dAB 18.92±0.06cdBC 18.86±0.17bC 17.22±0.12eD 
a-eDifferent letters within a column are significantly different (p≤0.05) for the percentage of 
oxygen in headspace of different samples at the same day. A-DDifferent letters within a row are 
significantly different (p≤0.05) for the percentage of oxygen in headspace of each sample at 
different days. 
 At the beginning of testing, the oxygen concentration of all active films was significantly 
lower than the commercial and control film which means that the active films absorbed the oxygen 
in headspace immediately after sealing the package. The oxygen concentration in the headspace 
of all active films ranged between 19.41% and 19.87%, while the oxygen concentration in the 
headspace of commercial and control film was recorded at 20.49% and 20.73%, respectively. 
However, there was no significant difference in the percentage of oxygen in headspace between 
all active films at the beginning of testing (day 0). Between day 6 and day 24, the oxygen 
concentration in the headspace of A5, B5, and A15 slightly decreased which accounted for 
19.10%, 18.97%, and 19.05% at day 24, respectively. However, there was no significant difference 
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in oxygen in headspace between them. Similarly, the oxygen concentration in the headspace of 
B15, A25, B25, and A50 was not significantly different from day 6 to day 24, even though it 
slightly reduced during the storage time. At day 24, it was recorded at 18.56%, 18.85%, 18.23%, 
and 18.58% for B15, A25, B25, and A50, respectively. The oxygen concentration in the headspace 
of active film B50 was the minimum value (17.22%) at day 24 due to it had the maximum in 
oxygen absorption efficiency. 
To sum up, the percentage of oxygen in headspace depended on the oxygen absorption 
efficiency and gas permeability of each investigated film. In the study, the active oxygen 
scavenging film had the ability to reduce the oxygen concentration in headspace compared to the 
commercial and control film, especially the active film type B which had more oxygen uptake rate 
than the active film type A at the same amount of oxygen scavenger content. Hence, it can be 
implied that the active oxygen scavenging films have had the potential for extending bread shelf 
life by reducing the oxidative chemical mechanism and delaying the spoilage from the aerobic 
microorganism during staling process of white sliced bread. 
 8.5.2 Microbial Growth Quantification  
In the study, a visual inspection used for quantifying and evaluating the growth of 
microorganism on sliced bread which stored at 23±2 °C and 75±5%RH every 3 days until mold 
occurs. Microbial growth quantification was evaluated using a transparent PVC sheet in the form 
of a 10 x 10 cm2 graph in which if mold growth exceeded more than 0.5 cm2, then it was considered 
as 1 cm2. This study is a quick and easy method to determine the shelf life and the failure or 
spoilage of bread. Both active film A and B at 5%, 15%, 25%, and 50% of oxygen scavenger were 
selected to study the effect of active packaging on sliced bread shelf life compared to the 
commercial and control film. 
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Table 20. Summary of microbial growth in the investigated films 
Film Types Storage Time (Days) Mold Growth Quantification 
Commercial 28 A lot of spreading spots of white mold more 
than 8 cm2 
Control 
14 Two tiny spots of black mold less than 0.5 cm2 
19 Two areas of white mold 1 cm2,  
Two areas of white mold less than 0.5 cm2, 
One area of white mold less than 0.5 cm2 
A5 35 One area of white mold 4 cm2 
B5 24 One area of yellow-brown mold less than 2 cm2 
A15 35 No mold growth 
B15 35 No mold growth 
A25 18 One tiny spot of black mold less than 0.5 cm2 
B25 28 No mold growth 
A50 24  One area of pink mold 6 cm2,  
One area of pink mold around 8 cm2 
B50 24 No mold growth 
 
 
Figure 53. Mold growth on the surface of white sliced bread in commercial film  
at day 28 of storage  
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Figure 54. Mold growth on the surface of white sliced bread in control film at day 14 of storage  
 
 
Figure 55. Mold growth on the surface of white sliced bread in A25 film at day 18 of storage  
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Figure 56. Mold growth on the surface of white sliced bread in control film at day 19 of storage  
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Figure 57. Mold growth on the back side of white sliced bread in A5 film at day 35 of storage 
 
  
Figure 58. Mold growth on white sliced bread in B5 film at day 24 of storage 
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Figure 59. Mold growth at the bottom of white sliced bread in A50 film at day 24 of storage  
Due to the major causes of the deterioration of bread affected by the presence of oxygen 
within the package and water activity in bread (Kerry and Butler 2008, and Robertson 2013), mold 
consumes the oxygen to facilitate its chemical reaction for the living, therefore the elimination of 
the oxygen from the headspace in its package can be contributed to delay the spoilage from any 
mold of the white sliced bread (Kerry and Butler 2008). From the study, the active oxygen 
scavenging films could retard and inhibit the microbial growth of white sliced bread. Although 
some bread slices packed in the active films A5, B5, A25, and A50 experienced the mold growth 
at day 18, 24 and 35 of storage; however, they could delay the mold growth at least 4 days 
compared to the control film due to the control film had the visible white mold at day 14. 
From the study, Rhizopus stolonifer was found on sliced bread in the commercial, control, 
A5, A25, and B5 films, whereas Neurospora crassa was observed on the surface of sliced bread 
in active film A50. The presence of Rhizopus stolonifer and Neurospora crassa are commonly 
known as the spoilage fungi presented in typical bread product (Comito 2017). However, there 
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was no mold occurrence in some investigated films, especially in active film type B such as B15, 
B25, and B50. This was due to the lower concentration of oxygen combining with the lower 
moisture content of sliced bread within the package did not facilitate the growth of microorganism 
on white sliced bread. Therefore, the active film B had more potential to retard mold growth on 
white sliced bread than the active film A because of its oxygen absorption efficiency and low 
moisture barrier property. Low moisture barrier property of active film B led to the higher loss of 
moisture content of white sliced bread, so there was enough water activity (aw) to accelerate the 
growth of spoilage microorganism on white sliced bread.  
Bread slices packed in the current commercial film completely dried out and lost its entire 
moisture content due to its film properties (the lowest thickness and the highest water vapor 
transmission rate), hence there was no mold growth to be seen before 28 days of storage. However, 
there was still mold occurrence on day 28 since the current commercial package had no oxygen 
scavenger to eliminate the excessive oxygen within the package. The bread slices in control film 
experienced the growth of mold earliest because the environment was conducive to any mold 
growth on the bread slices. The control film had high moisture barrier property and no oxygen 
scavenger to reduce the chemical reaction of the living microorganism. This was led to the 
acceleration of mold growth that can be seen them on day 14 of storage.  
8.5.3 Bread Shelf Life Evaluation   
 According to the bread slices qualities (weight loss, texture, and color change), sensory 
analysis, and the quantification of spoilage microorganism on white sliced bread, it can be 
concluded that the active oxygen scavenging film had the significant potential to extend the shelf 
life of white sliced bread. From the study, active film A25 could maintain the bread slices qualities 
as well as delay the mold growth on sliced bread compared to the commercial and control film. 
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The current shelf life of white sliced bread in a commercial film is 6 days at 25 °C and 75%RH 
regarding the best-by-date. The shelf life of white sliced bread stored in the active film A25 last 
longer than the existing shelf life of white sliced bread in the commercial and control packages for 
12 days based on the consumer acceptance in sensory analysis on day 14 and microbial growth on 
day 18. For the active film B25, it had the benefit to consumers for inhibiting the spoilage microbial 
growth on white sliced bread compared to the active film A25. The active film B25 could retard 
the mold growth longer than the control and active film A25 at least for 14 and 10 days, 
respectively. However, the other bread slices qualities such as the texture, aroma, and overall 
acceptability stored in the active film B25 were not much demonstrated the advantage compared 
to the active film A25 due to its film property such as water vapor transmission rate (WVTR). 
9. Conclusion 
 The present research study focuses on the development of oxygen scavenging film for 
white sliced bread packaging aiming to prolong shelf life and maintain the quality attributes of the 
product. The result of bread slices qualities in moisture loss, texture (firmness), color change, and 
sensory analysis represented that the active oxygen scavenging film could maintain the natural 
color and texture of bread slices compared to the commercial and control film. Overall, consumer 
acceptance in sensory evaluation illustrated preferably of bread slices packed in the active film 
than those in the film without the oxygen scavenger substance. Therefore, the results of the study 
support the hypothesis (H1) in which there is a positive correlation between oxygen scavenger 
substance incorporated into the packaging film and qualities of sliced bread.  
The results of microbial quantification are also demonstrated in order to support the 
hypothesis (H2) in which there is a significant relationship between oxygen scavenger substance 
incorporated into the packaging film and shelf life of sliced bread. The oxygen scavenging films 
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retarded and inhibited the microbial growth of white sliced bread at least 4 days compared to the 
control film because of its oxygen absorption efficiency. The active films reduced the oxygen 
concentration in the headspace of bread package resulting in the longer shelf life of white sliced 
bread. The active oxygen scavenging film could extend the sliced bread shelf life longer for 12 
days than the existing package relied on the results of consumer acceptance in sensory analysis 
and microbial growth. 
 Overall, tensile properties (tensile strength, elastic modulus, elongation at break), seal 
strength, static and kinetic coefficient of friction, and percent of light transmission of fresh and 
exposed active oxygen scavenging film type A and B decreased slightly when adding the higher 
amount of oxygen scavenger masterbatch more than 20% by weight into the LLDPE film, except 
for the static and kinetic coefficient of friction of active oxygen scavenging type B. The static and 
kinetic COF of active film type B increased significantly at the higher load of an oxygen scavenger 
(50% by weight) compared to the control film. This was due to the larger particle size of iron 
particles of oxygen scavenger masterbatch type B according to the SEM micrograph. In contrast, 
there was the slight increment of oxygen transmission rate and water vapor transmission rate, 
higher OTR and WVTR of the active films after flexing (the reduction of flex cracking resistance), 
and the increase in total color difference between fresh and exposed active oxygen scavenging film 
compared to the control film when loading the greater amount of oxygen scavenger into the 
LLDPE film. Additionally, the increase of oxygen scavenger significantly affected on the degree 
of crystallinity of active films due to the reduction in heat of fusion of Differential Scanning 
Calorimetry (DSC) analysis, especially active film type B. Therefore, the key findings of active 
film properties in the study reject the hypothesis (H3) in which there is a positive correlation 
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between oxygen scavenger substance incorporated into the packaging film and packaging film’s 
properties due to there were the slight negative effects on film’s properties in the overall results.  
However, the increase of oxygen scavenger masterbatch into LLDPE film contributed the 
oxygen absorption capacity of active film, especially active film type B. At 50% by weight of 
oxygen scavenger, the active film A and B had the average oxygen absorbed level at 4.90 mL/g 
(22.87 mL O2) and 22.76 mL/g (110.85 mL O2), respectively. As a result, this study supports the 
hypothesis (H3) in which there is a positive correlation between the amount of oxygen scavenger 
in the packaging film and the film’s properties in terms of the oxygen absorption efficiency. 
A recommendation is the reduction in the headspace of a bread package could be 
implemented with the use of the active oxygen scavenging film for extending the shelf life and 
maintaining the bread slices qualities. Balancing the oxygen absorption efficiency and other 
properties such as mechanical, barrier and optical properties of the active film is the most vital to 
prolonging the sliced bread shelf life while maintaining the necessary film properties for end-use. 
Future research work should include a migration study from the active oxygen scavenging 
film to food products in various food simulants. Additionally, the apparent benefit of active oxygen 
scavenging film outweighs the oxygen scavenger sachet in case of using in the paste and liquid 
products. Therefore, the active oxygen scavenging films can be implemented to extend the shelf 
life of other oxygen-sensitive foods such as meats, natural cheeses and dairy products, fruit juice 
and wine. Future studies could improve the passive barrier of the active oxygen scavenging film 
by the combined effect of a multilayer flexible film structure (more than 3 layers). Additionally, 
the incorporation of the oxygen scavenger in biodegradable films could create environmentally 
friendlier flexible film options for the baked goods industry. 
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Appendix B 
Figure B1. Questionnaire for sensory evaluation 
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